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Abstract

Since 1997, the Ministry of Education in Mexico has been sponsoring a national project (EMAT) aimed at incorporating computational technologies to the mathematical curriculum. Spreadsheets, Cabri-Géomètre, SimcCalc-MathWorlds, Stella and the TI-92 calculator were researched with nearly 90 teachers and 10000 students at the secondary school level. The project was groundbreaking in changing the role of the teacher and the traditional passive attitude of children and opened the door for richer ways of incorporating technology in schools. A new research phase is now underway which aims at giving students more expressive power through Logo programming activities.
Keywords: Technology in schools, mathematics with technology, curriculum changes, national educational project, teacher training, Logo philosophy.

1. Introduction: EMAT, an Educational Development Project
Over five years ago, the Ministry of Education in Mexico decided to incorporate new technologies into the basic educational levels (from 4 to 16 years olds) in order to provide access to modern and advanced scientific and mathematical ideas. As part of the Educational Modernization Programme of the Ministry of Education, in 1997, the EMAT (Teaching Mathematics with Technology) Project was begun with the following aims (see Ursini & Rojano, 2000):

To raise the quality of the teaching of mathematics in secondary schools (ages 12-16)

To promote the training of mathematics teachers of that level

To promote the use of new technologies in education

To generalise and update the educational methods and contents of school mathematics

More specifically, the EMAT project aims at promoting the use of new technologies using a constructionist approach to enrich and improve the current teaching and learning of mathematics in Mexico. A study carried out in Mexico and England (Rojano et al., 1996) involving mathematical practices in the Science classes, revealed that in Mexico few students are able to close the gap between the formal treatment of the curricular topics and their possible applications. This suggested that it is necessary to replace the formal approach in the new curriculum, with a “down-up” approach capable of fostering the students’ explorative, manipulative, and communication skills. Thus, the fundamental ideas characterising the project, as described in the official documents, have been the following (Ursini & Rojano, 2000):

· The use of computer software or technological tools (e.g. calculators) that make it possible to deal with mathematical concepts in a phenomenological way; that is, with such tools it is possible to achieve the idea of concepts as phenomenological organisers. Thus, the contextualisation of mathematical activities is not just the creation of a setting, but the situations presented by the activities correspond to phenomenological behaviours that, in a way, constitute the essence of the concept that is being taught.

· The use of software and/or tools that provide the means for executable representations; that is, tools that provide objects or representations of (mathematical) objects that can be directly manipulated.

· The use of software and/or tools whose use is related with a specific area of school mathematics (arithmetic, algebra, geometry, probability, modelling, the mathematics of change).

· Specializes the users of the technology (teachers and students) in one or more pieces of software and/or tools so they become proficient in its use and are able to apply it for the teaching and learning of specific curricular topics.

· Puts into practice a collaborative model of learning: students work in pairs with one computer, thus promoting discussions and the exchange of ideas 

· Incorporates a pedagogical model where the teacher’s role is that of, on one side, promoting the exchange of ideas and collective discussion; at the same time, acting as mediator between the students and the technological tools (the computational environment), aiding the students in their work with the class activities and sharing with them the same expressive medium (tool).

2. The first phase of the project

The EMAT project began in 1997 with a pilot phase during which technology-based educational models were put to trial in secondary schools using relevant results from previous computer-based educational studies carried out in different countries (e.g. Sutherland & Rojano, 1993; Laborde, 1994; Doerr, 1996; Mellar et al., 1994; Roschelle et al., 1998). The technological tools and software used were: 

Spreadsheets (Excel),
Cabri-Géomètre, SimcCalc-MathWorlds, Stella, and the TI-92 algebraic calculator, all aimed at covering curricular topics such as arithmetic, pre-algebra, algebra, geometry, variation and modelling.

The rationale behind the choice of the software and tools used in the first phase (Ursini & Rojano, 2000) was: 

Firstly, we wanted open tools; that is, where the user can be in control and has the power of deciding how to use the software. This allows for the construction of learning environments where students are able to decide on how to proceed, as opposed to other types of computer software that direct the student and the activity. These open tools should be flexible enough so that they can be used with different didactical objectives, such as those of the activities designed for the project.

· Spreadsheets. It has been shown (Sutherland et al., 1996; Molyneux-Hodgson, 1999) that it is possible to work with spreadsheets in such a way as to deal with algebra problems through arithmetic/algebraic and modelling procedures. Furthermore, spreadsheets can help introduce fundamental concepts of algebraic thinking: functions, variables, parameters, general formulas, equivalent expressions and symbolisation of numeric and geometric patterns.

· Cabri-Géomètre. This software allows the teaching of Geometry through direct manipulation, while maintaining the possibility of exploring concepts from classic Euclidean Geometry. It helps to close the gap between perception and geometry. There is also a version for the TI-89 and TI-92 calculators.

· Sim-Calc MathWorlds. This software can facilitate the understanding of the mathematics of variation and change, in a context where advanced technology modifies the structure of existing curricular contents and of the ways of teaching and organising the activities in the classroom

· Stella (Structural Thinking Experimental Learning Laboratory with Animation). This software induces learning through exploration. It can relate the activities both with work in the industry as well as with the school curriculum. By experimenting in computer environments it can show how to use modelling in both fields.

For each of these tools, activities and worksheets were developed by national experts, in collaboration with external international advisors from the University of Québec (Montreal, Canada), Purdue University (USA), the Harvard Graduate School (USA), the University of Bristol (UK), the University of London (UK), and the Université Joseph Fourier (France).

Sadly, due to historical reasons, we were prevented from including Logo in the initial phase of the project: In 1989, a badly thought-out government initiative shipped computers —equipped with Logo— to schools without giving proper training to teachers on their use. Because the initiative was a total failure, Logo was partly blamed and the language earned a bad reputation. Thus, it was decided not to include Logo in the first stages of the EMAT project but to reserve its inclusion until the confidence in the efficient use of technological tools in schools was established amongst teachers and government officials. 

The 1989 mistake is one that we do not wish to repeat, and for this reason the new project has been designed with utmost care drawing from the expertise of the international and national scientific advisors, and setting up the project in stages so that adequate assessment and corrections in the implementation could be made before massive expansion (since the year 2000, in one state alone, 450 secondary schools are adopting the EMAT project). The stages of the project have also allowed to properly train human resources (see Figure 1), which is perhaps where the most emphasis in the development of the project should be placed. In the first year, 1997, 15 state secondary schools in 8 different areas of the country were equipped with new technology. The external (international) advisors conducted the training of the first instructors (one instructor for each geographical area) and teachers (one teacher per school) with intensive workshops of 40 hours. In the first year, the use of the tools was distributed amongst the schools (see Figure 1); that is, the use of Spreadsheets, Cabri-Géomètre, SimCalc, and Stella were implemented in one secondary school grade in 2 different schools for each tool (only 1 school for Stella). Only the use of calculators was implemented in all schools and in all three of the secondary school grades. In the second year, the tools began to be used in more than one grade (the use of Spreadsheets was implemented in all three grades, and Cabri was used in Grades 1 and 2). By the year 2000, nearly 90 teachers and 10000 students in the 15 schools had participated in the project. At the end of each year, in 1998 and 1999, assessment meetings were conducted with all the advisors, instructors and teachers, and the external advisors made visits to the schools, providing feedback and recommendations. 
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Figure 1: Organisational structure of the first year of the EMAT project

3. The EMAT working environment

It is worth noting that many of those involved in the development of the EMAT project had previously been involved in the development of microworld-style activities and environments, including Logo-based ones. It is therefore not surprising that much of the philosophy and pedagogy (see Hoyles & Noss, 1992) underlying the design of mathematical microworlds was present in the design and recommendations for the EMAT laboratories. The role of the technology is emphasised as that of support tools that mediate action (Wertsch, 1991). Thus, assuming that mediation modifies the process of knowledge construction, the computational instruments (Balacheff & Kaput, 1996) are conceived as mediational tools that assist students in the discovery and construction of concepts and techniques through a reflexive process. Emphasis is also put on the changes in the classroom structure, such as the requirement of a different teaching approach and the way the classroom needs to be set up. In fact, Noss & Hoyles (1996) have drawn attention to the influence of the setting —where crucial influences of the setting “range widely, from the wording of the problem to the tools and resources available” (ibid, p.31) — on children’s performance and mathematical behaviour.

In the following paragraphs we discuss some of the essential elements, besides the technological tools already discussed, that are part of what we have called “the EMAT laboratory,” from the physical set-up of the equipment, to the collaboration between students, to the role of the teacher, to the pedagogical tools (i.e. worksheets).

· The physical set-up of the resources and equipment: The EMAT laboratory recommendations are to set up the computer equipment in a horseshoe fashion, with one or several worktables for other activities at the centre of the room, taking into account that 2 or 3 children will share a computer. This setting allows the teacher to more easily observe the work by the students. It also facilitates the possibility of group discussion and other group activities (e.g. paper and pencil activities) by just turning the chairs inward.

· The role of the teacher: as already discussed above, the incorporation of technological tools requires a different approach to teaching. The teacher now has a mediational role which is three-fold: he can mediate the learning of the students (i) by supplying worksheets; (ii) by supporting and guiding students during their work with the worksheets, and providing necessary suggestions and interventions; (iii) by coordinating whole group discussions, where students can present their ideas and beliefs to their peers. The teacher becomes an organiser and guide of the work in the classroom, and must propitiate a spirit of inquiry among the students, by inviting them to: explore, formulate hypothesis, prove the validity of their conjectures, express and debate their ideas, and learn by analysing their own mistakes.

· Students’ working environment. One of the points we emphasise to our teachers is that the use of computers does not imply individual work, and we recommend that students work in teams (preferably of 2 students). We believe that this promotes discussion and exchange of ideas, which implicitly encourages students to organise, reflect, defend and perhaps modify their ideas, facilitating learning, although care should be taken that all students participate. Because students are not familiar in Mexico with this type of setting, it may be necessary for the teacher to help students in getting used to this style of working.

· The worksheets. These constitute a fundamental pedagogical tool for the activities. Problems are presented in a succinct way and the questions contained lead to implicit suggestions for the students to begin their explorations. Although the activities are set around the use of the technology, it is important for students to fill out the worksheets in written form: On the one hand, this promotes students to reflect on their methods and results and to synthesise their experiences in order to communicate them; on the other hand, it gives teachers information regarding the level of students’ understandings so that (s)he can decide on the actions and interventions needed.

4. The evaluation of the project

The methodological design for the evaluation of the project incorporates both a global and a local level of assessment. The global level focuses on understanding the educational system as a complex model. Its goal is to regulate the evolution of educational processes including teachers, headmasters and parents as essential elements, whose observations form part of the assessment of the project’s collective ways of thinking about the project itself. On the other hand, the local level concentrates mainly on longitudinal case studies of the specific learning of students, and the use of the tools with respect to student profiles. The local level is sought to provide useful feedback for improving dissemination and implementation, as well as to produce auditable trails of documentation that can reveal the nature of obtained achievements (Moreno et al., 1999). 

Although no evidence is provided here, the preliminary results (see Moreno et al., 1999; and SEP-ILCE, 2000) on the local level provide evidence on the impact of learning environments on the ways in which children express their mathematical thinking. This is not only the product of using learning tools, but also of the close interaction occurring between the students and the tools. 

It is also interesting to add some results from interviews with teachers and parents at the global level of assessment (SEP-ILCE, 2000): Teachers point out that technology helps to build a new learning milieu within the classroom in which new strategies for problem solving and new ways of introducing teaching materials can emerge. Parents also value the use of the technology as it brings better work opportunities to their children.

Some of the areas where teachers coincide that they have gained the most from participating in the project are: 

· They feel that they have developed new abilities for problem solving. 

· Their mathematical knowledge has improved. 

· They have learned to guide students for teamwork. 

· They have acquired a new pedagogical model that has helped their teaching in the following ways: to act as guides; help students reflect on their work; learn to listen to students; feel more confidence in their teaching abilities; be more creative in their practice.

· They have found that it is important to work themselves on the activities and worksheets before presenting them to the students, and to understand what the activities are about in order to transmit to students what they must do.

· They feel that the support from the regional instructors is important because it helps to keep in mind the purpose of the lessons.

The teachers also found that students have learned to make proper use of the software tools and calculators for problem solving activities, although they have noticed that students sometimes have difficulties in understanding and following the instructions.

One teacher summarised his view and the success of the project in the following way: 

“We have noticed that when kids use the technology based on computers and scientific calculators, there has been a favourable response from the kids and that taboo, that fear of mathematics has disappeared for the majority; to such an extent, that the kids prefer to spend their free time in our mathematics laboratory. The worksheets have very simple instructions, but it is important for the kids to interpret correctly what is asked. When the student develops concepts or mathematical ideas, and that we see that he translates it later to the problem solving activities in an efficient manner, we consider that the project has been fairly effective. We have also observed that when the kids take responsibility for their behaviour, and that the learning of mathematics takes place in a very pleasant way, that it also helps in other subjects where they take to the learning with more responsibility.”

5. Areas of success and of difficulties in the implementation of the project

When the EMAT project began, neither the teachers nor the students had experience working with technology. The project was groundbreaking in changing the role of the teacher and the traditional passive attitude of children and it opened the door for richer ways of incorporating technology in schools. As another teacher put it: “I will NEVER go back [to teaching without technology].”

However, the project has not been without its difficulties. This has been an implementation “out in the real world” where many factors not present in laboratory settings (some unpredictable) came into play. The implementation of a project such as this one is very complex: issues can be solved individually, but it is more difficult when all the elements come together. 

One of the difficulties, and revelations, of the project has been the lack of adequate mathematical preparation on the part of the teachers. This was noticed in particular in the area of Geometry. 

Another observation from the project, made by both the national and international advisors, was that the use of the technology, with the activities as originally designed, was still lacking in the area of allowing children to have more initiative. This is in spite of the fact that, as explained above, the main rationale behind the choice of the technological tools was that they constituted open tools, meaning that they could empower the user in the way he/she chooses to make use of them. Initially we wanted to empower children with more constructionist open-ended activities. But there were several factors that prevented us from achieving this goal: 

· The (sometimes, total) lack of computational experience by both teachers and students, which forced us to start at in a more directed way than we would have liked. It was also difficult to work with teachers that were inexperienced both technologically and mathematically (see above).

· Neither teachers nor students were used to working with the proposed pedagogical model that can require a much greater deal of initiative and freedom on both the part of the teacher and of the student. In fact, both teachers and students are used to working in a very rigid way following a very strict curriculum and guidelines. (In fact, the guidelines are so strict that teachers and schools had to be provided with permits so that they could reorganise the curriculum to fit in the EMAT activities).

· Teachers are overworked and do not have free time to prepare anything outside the established curriculum

All of these factors contributed to the fact that the activities were more much directed than we would have liked, and there was more dependence on the use of the worksheets as it became our means of structuring the activities. We still feel that teachers need more training, not only in terms of the use of the technology (as well as more mathematical training), but with a focus on the pedagogical approach we wish to have.

Despite all of the above difficulties, and as previously stated, the impact of the project has been very positive. The majority of teachers are enthusiastic and satisfied with the project, partly because they have felt included in the implementation and assessment. Perhaps the most important gain from the project is that it has created an irreversible change that will allow technologies to be incorporated into the Mexican school culture, hopefully in an adequate way.

In terms of the tools chosen for the project, we can briefly state that in overall terms both the calculators and the spreadsheets were easily incorporated. Cabri-Géomètre has also been well received even though the lack of preparation in Geometry on the part of the teachers has caused some difficulties. On the other hand, it was much more difficult to incorporate SimCalc and Stella since the mathematics and topics that are dealt with those tools are far removed from our actual curriculum and teachers lack time and preparation for dealing with those areas. Thus the future use of those two tools is uncertain.

An important point in regard to the tools used so far in the EMAT project, is that there is still a need for some form of expressive activities, such as programming, on the part of the students, as has been observed and recommended by the advisors This recommendation, together with the success and acceptance of the first phase of EMAT has opened the door for Logo. A new research phase is therefore underway which explores the integration of Logo programming activities into the EMAT project.

6. The Logo extension of the project

For the incorporation of Logo into the project, we want to place emphasis on the mathematical learning that can take place by an adequate use of the language, within microworld-style environments. We want to focus on Logo as a language that empowers the child with both a mathematical way of thinking and a medium for expression. Thus, the focal point in the Logo implementation will be on programming activities. By writing a procedure the child can use and expand his abilities of logical reasoning, of analysis and synthesis; he also has to deal with the notions of sequentiality, modularity and repetition. The idea of generalisation and expression in a formal language, the complex notions of mathematical variable, and of functional relationships, all are implicit in the writing and use of procedures. 

But programming activities by themselves are not enough for our purpose. We believe that in order to articulate the programming activities with the mathematical topics that we want children explore, it is essential for the Logo activities to be part of a structured didactic environment, such as microworld settings. Such settings can help make explicit the knowledge constructed through the activities; for example, by encouraging exploration, the formulation and testing of conjectures, incorporating the use of worksheets and complementary (e.g. pencil and paper) activities, and through the interaction between the students and with the teacher.

Among the mathematical topics that we would like to approach through Logo programming activities are: the construction of the concept of variable in algebra, the concept of function, ratio and proportion, properties of geometrical figures, etc., as well as some areas not included in the present curriculum. 

Also, since we are incorporating Logo to the already implemented EMAT project, we would like to establish a complementarity between the Logo activities and those using some of the other tools; and if possible integrate the use of several types of software. In this sense, one possibility is to extend activities with Logo to include the use of spreadsheets, as it is possible to do with MSWLogo by, for instance, graphing Logo generated values with Excel. 

In fact, for the version of Logo to be used, we have chosen MSWLogo. The main reasons for this choice are the following:

· First, although in no way do we reject the wonderful features of other Logo versions, we have chosen a version of Logo which has its main focus the activity of programming through the code. We believe that the simplicity of the interface will allow users to focus on the programming aspect through the writing and debugging of procedures. (In fact, it is worth noting that we have also decided to use fairly simple and straightforward procedures and activities so as to not distract the users from the mathematical essence contained in them; from our previous experience we have come to realise that, often, in simplicity is found more power.)

· Another important consideration is that MSWLogo can be freely distributed: this is important when we take into account that Mexico has close to 30 million children registered in schools (nearly 24 million of those in basic educational levels)!

· Finally, a minor, yet useful consideration is that there is now a Spanish version of MSWLogo. 

The Logo extension of the project is still in the early stages, and the activities are currently under design. We have yet to complete the design, and test and implement them in schools. However, we are hoping that now that the ground has been broken in terms of the use of technology in schools, the implementation of Logo, though microworld-style activities, will follow much more of the constructionist approach that was originally intended for the entire EMAT project. Only time will tell if we were successful in achieving our goal.
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