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This report gives a brief overview of the main aspects of the history of the MINERVA project and the problems it faced. The project ran between 1985 and 1994 and its aim was to promote the introduction of information technology into the Portuguese primary and secondary education. At a time when schools meet increasingly strong challenges arising from a changing society, it is interesting to see what experience can be gained from this project, both as to the potential of information technology in education and as to the organisational and institutional solutions.
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Introduction

The role of information technology is most apparent in production, services and in the media. It is not a merely transient phenomenon. It is, indeed, here to stay. Schools cannot escape from its influence. The great problem is to know what its role should be and what is the best strategy to adopt for its integration in educational activities.

The MINERVA project ran from 1985 to 1994 and its aim was to promote the introduction of IT into Portuguese primary and secondary education
. This report aims at presenting a brief summary of the main aspects of the project's history and of the problems founded, while assessing the experience gained.

Firstly, the circunstances giving rise to the project are considered along with its main periods and characteristics. Then, the most relevant aspects of its activity are noted, I both in general terms and in respect of its different working levels: coordination, nodes, local support centres (CAL) and schools. Finally, there is a statement of the main achievements and the problems founded along with an indication as to how they were solved or not.

It is important to assess the progress achieved until now. At a time when schools are faced with ever stronger challenges arising from the dynamic movement of a changing society, it is interesting to consider what the MINERVA experience tells us both as concerns the possibilities of IT in education and the problems related to the institutional and organisational solutions successively adopted.

It is extremely difficult to talk about MINERVA project. It is a project which has considered many aspects of activity, has brought together people with a wide range of educational backgrounds and outlooks. It has mobilised many thousands of teachers, has reached hundreds of thousands of pupils and has run over a long, nine-year period There is no doubt that it has been a very rich and highly-varied activity.

This report is an internal contribution to a general assessment of the project and is based on the partial reports submitted by the various nodes
 and other documents
, as well as on the author's and his collaborators experience
. More than giving a description, the aim is to question. In fact, in view of the amount of activity generated, the report has description of a work experience and to discuss the main problems attached to it. We hope that it may be of interest to all those who are concerned with the problems of educational innovation, particularly in relation to the integration of IT into the education system.

1. The MINERVA Project activity

The MINERVA Project was a major national project which involved universities, polytechnics and primary and secondary schools. Here, we briefly describe the national and international technological, political and social contexts in which it arose, its main periods and its major prospects as to the introduction of IT in the area of education. All makers will be developed in greater detail in the following sections.

How the Project arose. IT suddenly come to public attention in the early 80s with the appearance of PCs and their dissemination at all levels of the population. In all developed countries their integration into the education systems very soon was thought of. Some countries, such as France, England and Spain even launched national programmes aimed at this. Hence, in the mid 80s there was a very favourable atmosphere in the European Community towards the introduction of IT into education and various measures were taken to foster interchange between countries and to support the political decision-makers.

In Portugal, there was also a mood of enthusiasm with computer science which, in the early 88s, had reached the general public through the Sinclair Spectrum generation of home computers and games. At one time, Portugal was one of the European countries with the highest number of home computers per capita.

In the mid 80s, in Portugal, various proposals were put forward to introduce IT into basic and secondary education. One proposal was to set up a specific structure within the Ministry of Education
. Others supported a major role of institutions linked to the private sector. Even the Ministry of Education's Planning and Research Bureau (GEP) put forward a plan, the DC/3 project, the aim of which was to study the impact of IT on basic education
 The Minister of Education, Prof. João de Deus Pinheiro eventually chose the MINERVA project, a proposal based on a pilot-project involving 14 schools in the Centre Region
 This choice allowed universities to play a decisive role in this field, which was the great originality of the Portuguese experience.

At the time, the political situation in Portugal was marked by the preparation of a wide-sweeping reform of the education system, established by the respective Basic Law
 The first steps of MINERVA which aimed at modernizing and developing the system, clearly benefited from this atmosphere where it was necessary to take into account ail possible alternatives for developing the reform.

The three major periods of the project. The project was called MINERVA after the initials of "Meios Informáticos no Ensino: Racionalização, Valorização, Actualização". It went through three essential periods corresponding basically to its launching, development and closing.

The first phase, the "pilot-phase", covered the years 1985-1988
. This corresponds to its launch under the driving force of Prof. António Dias de Figueiredo–the "father of the project". At that time, it had three main levels of organisation:

–the coordination committee, directed by Prof. António Dias de Figueiredo and based in Coimbra,

–the nodes, based in higher education establishments; some of these were initially divided into centres
,

–the schools, in turn linked to centres and nodes.

The Project’s coordination committee was essentially made up of representatives from the initial nodes, with a strong university participation. The Ministry of Education participated through the GEP, at the time also in charge of a centre (resulting from the reconversion of its DC/3 project) which became integrated in the Lisbon node. Through its Director, the GEP was also responsible for the linking between the Project's coordination committee and the decision-makers of the Ministry of Education (Minister, Secretary of State). At its outset, based only on universities, MINERVA spread progressively to polytechnics and higher education schools, thus providing a better cover of the national territory. Annex 2 shows the various nodes of the project and the year they begun operating. It must be noted, however, that many of them had already begun informally through their links with pre-existing nodes.

The major targets of the project are set out in the Ministerial Order 206/ME/85 (see Annex 1): (a) the introduction of IT teaching in curricula, (b) the use of IT as means of support to teach other subjects and, (c) the training of trainers and teachers. MINERVA covers all school levels from pre-school to 12th grade and highlights the advantages of using IT in all subjects (general and vocational) as opposed to the creation of new specific subjects aimed directly at the teaching of computer science and its applications.

The pilot-phase, aimed at training teams who would set the process in motion, set up the infrastructures required, define the "operational and strategic points of the teaching system", perfect ideas and criteria" and "review solutions", while taking into account field-work experience and ongoing work in other countries
.

In fact, the project was organised as a network structure. The nodes were made up of mixed-tearns of university professors and seconded teachers from other levels of education. They were given a large autonomy in the definition of their work priorities, organisational structure and methods of operation. Some nodes set up cooperation links between themselves
 with a view to pursuing common interests or attempting to complement their particular areas of activity. Even though MINERVA showed, at the beginning a clear trend towards computer science (in particular computer engineering for the development of educational software), the education area was also taken into account (mainly interested in curriculum development and teacher training).

This period was characterised by a large number of initiatives at node level and by a great receptivity by the schools where teacher teams were set up. In the 2nd and 3rd cycles of basic education and in secondary education, these teachers are given release from teaching time
 to IT related activities. The project seemed to correspond to underlying needs felt by many sectors. A strong activity was generated as well as pressures for a more rapid growth, calling for more human and financial resources. Two national meetings were held, the first at Braga (May 1987) and the second at Aveiro (September, 1988).

Three years after the project launch, the coordinators have some difficulty in answering to all the questions which arise within MINERVA and prepare a new period in which stronger linkings with the Education Ministry structures is established.

The second period marked the start of the "operational phase of the project and corresponded to quickest increase of the number of schools involved. It covered the period from late 1988 to late 1992. The coordination passed over to GEP and Professor Luis Valadares Tavares–its director.

This period was marked by a great increase of the project funding and a significant increase of the number of schools involved. (See Tables in Annex 3) MINERVA was integrated into a clearly defined service of the Ministry of Education, but even so it still attracted little attention from the Regional Authorities and hardly any from the National Authorities. While keeping a broad level of autonomy, the Higher Education Establishments became less involved with the project management.

In this period an attempt was made to organise the project in a more formal way. The nodes were requested to submit annual reports detailing their training activities and other activities and the number of teachers and pupils involved
. An attempt was made to get to know the project and characterise it, namely h order to justify its continuation and to strengthen its budget. The MINERVA aims, somewhat generic in the initial phase, began to focus on quantity rather than on quality aiming at covering schools throughout the country.
As a result of the increasingly importance of telematics within MINERVA, the coordination team began to use the term ICT (information and communication technology) to identify the project area
.

In this period, GEP proposed alternative initiatives which were not always well coordinated with the MINERVA nodes. There were software and materials competitions and tenders to support IT use. These had a structuring effect and fostered the activity of the nodes. But other initiatives also arose, tendentially competitive with the MINERVA Project and which used money intended for the project, such as the competitions for reinforcing schools' equipment
 and the IVA project
. These initiatives naturally raised strong doubts in the minds of the node's coordinators and of the teachers involved in the project as to the real strategy for the introduction of IT in the education system.

In this second period, an attempt was made to transform MINERVA into a programme based on regional councils made up of the nodes, Regional Education Directorates and local authorities representatives. It would have been a way of integrating MINERVA in the whole system. However, the attempt came to nothing, because among other things it did not arise any enthusiasm either in the nodes or with the local and regional authorities who, from then on, could have played a leading role in the process. On the contrary, they gave few signs of having understood how they could have absorbed and adapted the dynamics already set in motion by the project.

The nodes continued to show a great capacity for initiative (namely with school resources centres being set up) as well as the schools. Publications, meetings and sharing of experience increased. A network of local support centres was launched, aiming at improved support for MINERVA teachers. Nevertheless, signs of unease about the future were also becoming stronger. This became very clear during the third national meeting at Bragança in April, 1992

Briefly, this expansion period was characterised by increasing initiatives and activities by the nodes and schools along with an effort of organisation and by the development of initiatives parallel to the Project itself, all this within the framework of a rather unsuccessful attempt of working in connection with the Ministry
.

The third period was that of closing down the Project and ran from 1992 to 1994. Initially, Prof. Luis Valadares Tavares was still in charge of coordination. Then for a time it was carried out by Dr. Margarida Mafalda Leonidas and, finally, fell to the new Director of the newly created DEPGEF, Eng. Jose Manuel Prostes da Fonseca.

Originally planned to end in 1993, the Project was extended for a further year. How to promote a continuing introduction of IT in the Portuguese education system was the main problem faced by MINERVA coordinators. On the one hand, it was felt that the aims of MINERVA continued to be highly pertinent and the value of the experience gained in the nodes and schools was recognised. On the other hand, it was thought that the model did not work in the best possible way and that, even if it stimulated the initiative and creativity of the most varied actors, it did not guarantee a good management of resources nor a consistent response to all the requirements of the system.

In the Ministry of Education, a period of budgetary contention was starting. There was a growing conflict between the needs arising from the normal running of the project (especially, in the area of human resources) and the strong policies of reducing as much as possible the seconding of teachers to non-teaching activities and drastically cutting the release hours of the involved teachers
. It was also at that time that the pressure of the new Teaching Career Act began to be felt on the teachers. Career progression was linked to obtaining training credits.

In this third period, a significant part of the financial resources initially provided for MINERVA was applied to the equipment of secondary schools teaching technological subjects. In political terms, this represented a re-assertion of the idea that it was necessary to invest essentially in the vocational areas–an idea which, although strong in the period prior to 1985, had become less important afterwards. The practical effects of this trend were seriously limited because the effort of equipping the schools was not accompanied by a corresponding effort in curriculum development and teacher training
.

DEPGEF launched the FORJA Project, as part of the FOCO
 but quite individualised in terms of management, which attempted to be an improved version of IVA
. In contrast with the wide diversity of equipment and training strategies of the various nodes, FORJA proposed to provide schools with homogeneous equipment of better quality and a more complete basic training for teachers–enhancing the technical aspects but also covering work project. The successive delays in its launching and the extremely hasty and intensive manner in which training was provided seriously reduced its impact.

FORJA was created within the framework of the FOCO programme and thoroughly occupied the area of training
. The nodes were forced to adapt to FOCO to maintain the enrollment in their training courses
. The local support centres, too, began to be gradually run down as their field of activity was taken over by training centres of schools' associations set up under this programme. Training activities and school support were drastically reduced. At the same time, the problem of increasing obsolescence of the equipment arose
. As a result of these difficulties, a loss of motivation began to be felt in the schools and this led to a clear step backwards in the activities developed within the scope of the project
.
Both in FORJA and in FOCO the human resources were widely made up by teachers who had done their IT training as part of MINERVA teams. But the development of these initiatives resulted in putting MINERVA nodes and schools into an ever secondary position. Finally, the coordination team decided to abandon MINERVA and the last year was given over to assessment and study of alternatives.

To sum up, the last period was marked by the concern of MINERVA leaders to define new orientations for the introducing of IT into the education system using the inheritance of MINERVA. But at the same time, the lack of clarity as to its future
 and the successive difficulties in its operation caused perplexity, disenchantment and abandon of many members of the teams and teachers taking part in the project. In some cases, this even led to the break-up of the intervention capacity and know-how gathered by the nodes
.

The educational philosophy of the project. As a project to introduce IT into the education system, MINERVA aimed mainly at the following general targets:

–to view IT as an important educational tool for all teaching levels, including the primary level

–not to favour the creation of a specific subject for teaching IT
, 

–not to favour subjects of a vocational nature
,

–not to consider computers as a separate area, except in secondary teaching, in courses more directly related to it,

–to maintain a distributed leadership of a network type,

–to encourage a close link between schools of the different teaching levels and higher education establishments.

When MINERVA was launched, it was thought that its activity would be based on the use of educational software, to be developed by the nodes. Very soon, however, the training of teachers for the utility software (such as word processing, spreadsheet' graphic and design programs, data-base management programs, electronic publishing programs, etc.), became its main strength
. So, although MINERVA has always covered a large number of views on the educational role of the computer, it was marked in a decisive way by the idea of using the computer as a tool
. 

The idea of the computer as a tool in the hands of the pupil and not as a teaching/learning instrument naturally led to enhancing project activities. Many of these activities were of an interdisciplinary nature and carried out both in the classroom and in other places. In a situation where the equipment was never abundant - some pre-secondary and secondary schools had almost no computers available
–this was a very reasonable view for starting up IT activities. 

The computer can serve different teaching areas. Therefore, it is necessary to clarify the aims of its use. As mentioned in the report of the node of the ESE of Setúbal
 the computer "is seen as a tool which must:

–allow information research and management, 

–help teachers and pupils in processing this information, 

–put and solve problems and challenges, 

–stimulate discovery".

It is seen as a tool which, instead of being the centre of attention is available for permanent use like other teaching material.

The introduction of computers in the education system was thus seen above all as likely "to improve the teaching strategies of teachers and to stimulate approaches to develop activity, participation, cooperation, initiative and creativity in different educational backgrounds, ... [being a] support of new strategies in the schools (bringing together interests within subject groups, supporting transdisciplinary initiatives and linking the school with other schools and with the surrounding social, economic and natural environments)"
.

The educational concepts of the use of the computer developed by MINERVA were greatly influenced by the ideas of Seymour Papert
. This author focus on the notion of an active and autonomous role of the pupils in the development of their personal projects, dominating the computer like the operators who use it. This met a strong agreement on the part of the node teams and many participating teachers. This was also enhanced by the highly international dissemination of LOGO language, which played a very important role in the set of activities undertaken, especially in the first years of the project.

An idea which was also revealed as central in MINERVA's activity–above all at school and node level - was that of the priority to be given to human resources. New tasks and new responsibilities were given to the teachers and, instead of replacing them, IT enhanced their importance. The effective change of the education system relies on the teachers, on their training and their w working creativity
.

2. How the project worked, general policies and coordination

Although always marked by its distributed leadership MINERVA had several coordination formulas during its history. In this section, several aspects of MlNERVA's operation and general policies are reviewed in greater detail, while an attempt is made to highlight how they were linked to its structure.

Coordination. In its first period, MINERVA was coordinated by Prof. Antonio Dias de Figueiredo. With the help of the Electronic Engineering Department of the University of Coimbra and of a secretary, he directed all the Project's activity. An executive committee made up of the coordinator, Prof. Sérgio Machado dos Santos, Rector of the Minho University and Engº Ricardo Charters d'Azevedo, Director of GEP, acted basically as a consultative body. Periodical meetings (2 or 3 times a year) were held with all the nodes to deal with matters of general interest
, with particular attention being paid to the allocation of funds
.

This coordinating formula allowed the project to develop rapidly but soon the coordinator had serious difficulties in replying to all the increasing current management questions. Furthermore, the development of the project–requiring ever more resources –made relations with the Ministry even more problematical. Those in charge in the Ministry were questioning the importance to be given to the Project within the overall education policy
.

The difficulties raised by certain sectors became very clear in the report "Novas Tecnologias no Ensino e na Educação,'
, produced by a working group appointed by the Education Reform Committee. This study aiming at providing general guidelines in this field for the education reform in progress, does not include the concept of IT The computer science was little discussed–because the greater part of the text dealt with audio and video technologies and distance education. This work presented an eclectic perspective for the introduction of the computers into schools, generally already out dated, which included basic computer techniques and methods, programmed teaching and school administration. The computer was above all seen as "a playing element with non-disruptive features"
. In this study, only brief reference was made to the MINERVA Project, mentioning the need for "a complete and accurate assessment" to be made at a later date, as a more extensive and more in-depth approach
.

These difficulties were not found in the final report published by the Reform Committee
 which included a programme about new information technology. The report stressed the importance of teacher training and teaching research, while proposing a set of eleven sub-programmes to be developed through a significant reinforcement of the MINERVA Project. This was a real work proposal for the project's 2nd phase, very different from the one in fact adopted.

In the second period, an attempt was made to solve the problems of integration into the Ministry, by making GEP–a central service responsible for MINERVA coordination–and creating a small back-up team. In addition to the national coordinator, the post of executive coordinator was created. This was held by Drª Maria do Carmo Clímaco for a short while and then by Dr. José Tomás Patrocínio until the end of the project. In this second period a new national coordination committee was also set up. It was composed of the Directors of three departments of the Ministry of Education (besides GEP, the Technology, Art and Vocational Education Bureau and the Primary and Secondary Education Bureau were also represented) the executive coordinator and Prof. António Dias de Figueiredo as a scientific director
. This structure proved to be ineffective. Few meetings were held and no guidelines were produced for the development of the project. The end of the second period was marked by the testing of alternative organisational solutions, pointing to a regional decentralisation which, as mentioned in point 1 gave no result.

In this second period, new policies were developed. In addition to tenders to acquire equipment and commercial software for nodes, schools and local support centres, which had been on-going since the outset of the project, there were also tenders for educational software production, back-up and publishing materials. Within the PRODEP framework' tenders were also put out for reinforcing computer equipment in schools. At the same time, new proposals were made through the IVA and FORJA projects which, although promoted by the coordination team, were parallel to MINERVA. These policies took the nodes by surprise and caused increasing problems between them and the coordination team.

In the third period, DEPGEF was still responsible for coordinating MINERVA. However, the departure of Prof. Luis Valadares Tavares marked the end of a strong project leadership. The new DEPGEF team was more concerned with other problems and priorities and left current management in the hands of the executive coordination team which, in turn, attempted to listen to the nodes, jointly or individually, according to issues and occasions.

Under Drª Margarida Mafalda Leonidas’ leadership the MINERVA final evaluation was set in motion with the help of an international team of evaluators. The publication of software and back-up materials was also accelerated. Until then, this process had been extremely slow. Eng. José Manuel Prostes da Fonseca’s leadership confirmed the end of the Project for the 1993/94 academic year and the continuation of its evaluation, fixing the final lines of it.

Executive coordination. This coordinating structure consisted of a small team of one or two members in addition to the executive coordinator. Its tasks and activities of a technical and administrative nature and ensured the working of the project itself. Many activities and tasks of this team also had a pedagogical scope, trying above all to strengthen those practices considered most fitting with an adequate educational use of IT. 

Amongst the activities of MINERVA executive coordination team, mention must be made of the following: :

–establishing criteria for the yearly allocation of funds to each node by a directly proportional ratio between the number of teaching establishments and the amount of money to be allocated,

–supporting the creation of local support centres (CAL) and MINERVA regional councils
,

–collecting data on diskette about the activities of each node (annual report already mentioned),

–promoting annual tenders for the purchase of equipment for the nodes (hardware and software),

–supporting educational software tenders, as well as the tender for materials to support the use of IT in education
,

–launching the IVA and FORJA projects,

–cooperation in the assessment of PRODEP tender bids,

–supporting the software production and the dissemination of material produced outside the MINERVA project but with recognised educational quality
, 

–publishing software and back-up bibliography for the use of IT in education, as well as publishing a catalogue of existing material
.

Besides these, the executive coordination team developed other activities arising from the very nature of the Project, such as dealing with national and international individuals and institutions and supporting seminars, meetings, congresses both within MINERVA scope and outside it
.

In MINERVA final period, the executive coordination team tries hard to bring FORJA as close as possible to the activity of the majority of the nodes which provided the information support. However, the way in which FORJA came to the schools had nothing to do with MINERVA traditions and it was with great mistrust ant distancing that this new project was viewed by most of the teachers until then associated with the IT work
.

Relationship between nodes The nodes shares information, experience and very different forms of cooperation. One of these forms concerned the organisation of LOGO weeks, i.e. meetings where the educational uses of this programming language were discusses as well as teacher training. Other meetings were subject-oriented (such as the teaching of languages, history, biology and the use of computers in the 1st cycle of basic education) or were linked with the development of common activities (in particular within the scope of telematics)
 Interchanges were developed around the publication of information bulletins (such as the Inter-Node bulletin, devoted to the 1st cycle). Other kinds of cooperation dealt with training activities or "working placements" especially intended for members of teams from other nodes.

These activities were spontaneous and mention must be made of the role of the node of the DEFCUL which was responsible for creating various centres in higher education schools, which later were to become MINERVA nodes
. The FCT-UNL node also undertook countless activities on telematics and dissemination of educational software Nevertheless, while some nodes became more and more involved in these relationship, others had a basically isolationist policy.

The national meetings of MINERVA served as a show-case for Project activities, allowing members of the various node teams to become more aware of what was happening all over the country. Clear progress was made from one meeting to another. The first was marked by the submission of proposals to be implemented while the last, in 1992, consisted above all of the presentation of actual experiences lived in the field.

The very informal character of relationships between nodes was typical of a networking operation. If, on the one hand, it stimulated the development of different views and exchange of know-how, on the other it did not prove to be very effective when the time came to pool common policies relative to the evolution of the project.

Equipment acquisition policy. In the areas of operation and management policies related to equipment acquisition must be stressed. Due to the high level of autonomy they enjoyed, the nodes were able, from the outset, to take their own decisions as to the equipment to use. When the MINERVA Project appeared, Sinclair Spectrum/ Timex computers were very popular and several nodes, mainly in the Lisbon area, made significant use of this equipment. Others, such as the Guarda node, also used 8 bit computers like the Amstrad CPC 464
.

However, the equipment most used in all MINERVA nodes was the 16 bit computer (running under MS DOS). Several makes were used, most of them originating from European Union countries
. In various nodes a graphic interface for this computer was used, i.e, the GEM system
.

Initially the nodes acquired monochromatic equipment of two 5.25" drives, later moving to polychromatic models of 3.5" drives. At the end of the project, all the machines bought were hard disk computers.

Some nodes bought Macintoshes with an user friendly graphic interface. The main reason for its reduced use within MINERVA was their cost.

In the final period of the project, more powerful computers were bought with 286 and 386 processors, the last running under the Windows system.

Networks were never very popular within MINERVA. In most nodes, there was never much enthusiasm about this. In view of the software existing when the project started, some nodes saw these networks mainly as a mean of controlling the pupils’ work
. One different position was taken by the FCT-UNL node which used TIMEX networks and tried an Israeli system, the TOAM, in both cases in a perspective of computer assisted teaching. Later, the Minho node adopted networking systems in order to make the use of expensive software cost-effective. Also with an eye to cost-effectiveness, networks were used in the IVA and FORJA projects.

The MINERVA equipment was purchased after public tender. At first, the tenders were put out by the nodes themselves. Later they were organised by the GEP/ DEPGEF and the specifications were previously drawn up by a team of technical and scientific experts in order to meet the needs and requirements of the project. The same team gave a technical opinion taking into account various factors, including the quality and robustness of the equipment, in addition to cost. Nevertheless, the nodes decided on the material to be purchased from the range of approved equipment (normally several units of each category). Once the choice had been justified, the nodes were able to buy various types of equipment.

The last tender for equipment purchase was put out in 1992. Considering that the nodes had not safeguarded the best interest of the schools, the DEPGEF left them no other alternative in this tender but to buy approved material In the third period, the quality equipment which went to the schools was placed by FORJA or by vocational training. Little by little, the MINERVA equipment became obsolete
.

To a certain degree, the evolution of the approaches used in equipment purchase parallels the evolution followed by the Project. From a first phase of divergent testing and conducting different activities the process gradually became more centralised and then came to a complete standstill.

3. Nodes

The great driving force of MINERVA was of course its nodes, located in higher education establishments and composed of university professors and seconded teachers from different teaching levels. Locating the nodes in these institutions varied greatly, ranging from University Rector's Offices to faculties departments, polytechnics and higher schools of education.

General activities of the nodes. Regardless of their own specific activities, all the nodes, generally speaking, carried out a set of common activities. These ranged from the provision of equipment and software to schools, training and support for teachers wanting to use IT, organisation of meetings, seminars and conferences, production of material, preparation of publications and, in general, curriculum development activities.

Providing equipment and software to schools meant that the node teams had a management role. Even if it was not very obvious, it still took up a considerable part of their time. Given the very informal organisation and the lack of administrative experience, this role was not often played with the greatest effectiveness. In addition, the criteria and policies for school equipment were not always clearly defined and this led to situations where there was insufficient equipment and obsolete hardware.

Teacher training became one of MINERVA's most important activities and for this alone a separate report could be written. Following their own priorities and philoso​phies, the nodes developed systems for training their teams, the professors responsible for coordinating the project in the various schools and the teacher users. They also took numerous steps to make large sectors of teachers aware of the educational possibilities of IT. The duration of the training activities varied greatly. Some training was of limited duration with very specific aims. There were other training programmes which lasted throughout a school year. These longer training periods normally had an effect on the curriculum or were targeted at specific coordination functions in IT. Due to the importance which training took on in the Project, the matter will be dealt with  later.

Besides training, the nodes worked on the important task of giving direct assistance to those teachers wishing to use IT. Either meetings were held at the nodes or team members went to the schools. More regular work was carried out with school teachers in charge of coordinating their activities or with teachers in specific subject areas. The training and support activities for schools soon became so important that it became necessary to set up another structure ‑ the local support centres ‑ and their activities, too, will be looked at later
.

Another important aspect of node activity was producing materials. Most nodes produced several support manuals for software use and books describing experiments
. Many also brought out bulletins and information sheets, some of which as the result of joint work
. Two regular publications stand out in the life of the project the review "Informa", of the IP Operate node and the review "Informática e Educação", of the Minho node.
Generally speaking, all the nodes took part in the process of curriculum development. One common point to the activity of the majority of the nodes was the use of LOGO language, particularly in the 1st and 2nd cycles of basic education. The enthusiasm for using LOGO was such that LOGO Weeks were organised and the first one was held at Portalegre in 1987. Due to their regularity and specific nature, these weeks became one of the most important aspects of the whole MINERVA
.

Mention must also be made of the great number of public discussions were organised and the information disclosed about activities conducted by the nodes, including seminars, conferences, meetings, day‑meetings, ideas‑meetings, etc. These all reflect significantly what the nodes did during the Project and are all mentioned fully or in part in most final reports from the nodes.

Specific activities of some nodes. Besides the activity common to all nodes, as referred to above, more specific aspects of the activity of some nodes must be mentioned. Several nodes played leading roles in the MINERVA development and were important references and support in terms of future action and training for the new nodes which were appearing in successive waves.

Thus, the Coimbra node located in the Electronic Engineering of the Coimbra University, represented the project's original idea. It enjoyed the pilot‑experience of the central Zone as well as the legitimacy of being close to the coordination authority (in the first phase of the project) and it benefited from its numerous international contacts. This node specialised in developing educational software and created a post‑graduate level training centre where the quality of computer science training stood out. Emphasis was placed on teaching software development and programming languages such as Pascal and Prolog. This line of action had an influence on such nodes as Viseu and Aveiro. In the final phase of the project the software development rhythm slowed down and the activity came closely in line with what was happening in most nodes
.

The DEFCUL node (based in the Department of Education, Faculty of Sciences of he Lisbon University) played a major role in defining the Project's educational approach
, enhancing the importance of LOGO language, promoting the idea of the computer as a tool and the use of the computer by pupils for interdisciplinary projects. It also stimulated the development of resource centres as a solution for integrating IT into schools. As for the curriculum, it showed special initiative in mathematics, humanities and the 1st cycle of basic education
. It was very dynamic in arranging meetings and had high capacity for producing material containing information about experiments. All his helped to extend its influence to other MINERVA nodes, particularly on the GEP node and the nodes of the ESE's of Setúbal, Lisbon, Portalegre, Castelo Branco and Bragança.

In spite of being located in a Computer Science Unit, the Minho node focused rom the outset on educational problems, staff training and the development of projects in schools. It took on an important role of regional leadership and was outstanding for the relevance given to the links with the local community
. It played a pioneering role in the educational use of telematics, particularly in the 1st cycle (Peneda‑Gerês Project). It was active in various areas of curriculum development mainly in the area of Biology
.

The node of FCT‑UNL (Faculty of Sciences and Technology of the Lisbon New University) appeared in the second period of the Project as a highly active centre for producing educational software and disseminating the use of telematics. It set up various contacts with foreign educational bodies linked to software production, thus enabling the interchange of experts and materials. In the field of curriculum development it played a major role in the teaching of Physics, Mathematics, Geography and English
.

The GEP node always had a very specific task. The bulletins it produced, "Baitinho" and "Megaron", were intended for teacher training. Its activities were particularly significant in the 1st cycle of basic education and in the teaching of the mother tongue, while it tested new ways of distributing equipment inside the schools The very special responsibility of the GEP node in the final phase of the Project lay in experimenting software.

It must be stressed that these nodes were part of the MINERVA project from the beginning, as were the nodes of Aveiro and Oporto (which later split into two nodes). Aveiro and Oporto were also very important and developed relevant activities in specific areas, namely the development of multimedia material

In fact, there was always a very considerable diversity between the nodes. Besides the distinction between the oldest and youngest nodes, another marked difference was to be seen between the rural area nodes and those of the major urban centres. But there again, the reasons for creating each node made them particularly oriented to training and providing support to schools, software and material production, or local and regional intervention.

Some areas of activity. Besides the activities already mentioned, others must be highlighted which, for one reason or another, are equally important in the overall activity of the MINERVA Project

a) As already noted, one very important aspect in some nodes was the development of software ‑ particularly significant in the nodes of the Universities of Coimbra and FCT‑UNL. The working styles and the products turned out were very different. The Coimbra node showed a high sophistication of its methodologies whereas the FCT‑UNL node was particularly remarkable by the great degree of creativity and sensitivity in educational situations.

Other nodes specialised in this latter field, too. Among other works, the Évora node developed the Prometheus program which generated graphic applications likely to be used in various subject areas: History, Geography, Portuguese, Economics, Physics, etc
. The Viseu node produced two prize‑winning programs of educational software
 while the Aveiro node also devoted a great part of its activity to producing various pieces of software. The DEFCUL node fumed out some small mathematic programs
 and for LOGO GEOMETRY application while the Viana do Castelo node developed a program for the study of optics. The Castelo Branco and Santarém nodes produced several Toolbook, Excel and WinLogo applications.

The Aveiro, Minho and Oporto IP nodes paid very special attention to the development of multimedia applications.

As for software and applications development, some nodes were able to take advantage of MINERVA resources to support or stimulate working lines which, in some cases were directly used in school activities and, in other cases, were mainly used to develop new knowledge or new technological applications.

b) One of the most active areas in some nodes during the final years of the project was telematics. The pioneer project was that of Peneda Gerês (Minho University node) where telematics arose as the new essential link between isolated 1st cycle basic schools
. This node created a Bulletin Board System (BBS)
 with a variety of theme forums intended for the 1st cycle. It enabled word accentuation and was available for a group of 28 urban area schools and 10 rural area schools in the Peneda Gerês Park. It was linked to the European Schools Project and so was able to interact with other partners with regard to various project areas such as tourism, customs and habits, cultural interchange, etc.

The FCT‑UNL
 node was also very active in this field. It began by carrying out videotext experiments and looked for partners in other nodes and ended up creating MINERVA BBS, aimed rather more at the 2nd and 3rd cycles and secondary education. This covered more than 120 schools in all
. Then there was the 100 MINERVA Schools Centres (CEM)Project, which included six areas of activity for schools to join
. Educational telematics was introduced at national level in the 1991/92 academic year by means of several national Meetings held in the FCT‑UNL, in January, 1993.

Other nodes were active in this area, too. The Lisbon ESE node began working in the 1989/90 academic year with a telematics service located at the FCT‑UNL. In the following year it developed two projects: sex education and a tourist guide As from 1991/92 it began to give more importance to the MINERVA BBS regional tourist guide project, while continuing to follow up projects from the schools Linked to the ESE node
 The DEFCUL node and those of the Universities of the Algarve and Évora, the ESE's of Castelo Branco, Portalegre, Setúbal and Viana do Castelo and of the Oporto IP also took part in this activity. From the number of establishments and persons involved, telematics was on a par with LOGO as one of the important fields of activity in schools within MINERVA. After the 100 CEM Project, EDUCOM was set up. This was the National Group of Educational Telematics and its main aim was to coordinate the MINERVA BBS.

In spite of the not always friendly quality of the interfaces and the technical problems found
, the assessment of the work done was positive, "stimulating the project work and the communication between pupils of different schools and between teachers and pupils", enabling the development of inter school projects, improving their information and encouraging the exchange of ideas among those in charge. This exchange of ideas was enriched by the confrontation of very distinct experiences and outlooks, since schools from very different areas could be included in the same project
.

c) Special education was given priority attention from the Lisbon Technical University, Human Kinetics Faculty (FMH‑UTL) node. Its activity was centred on the use of robotics (Lego‑LOGO and turtle robots), the concept keyboard, and technical help in order to meet the needs of children with various types of slight and moderate mental handicaps, hearing handicaps, cerebral palsy and learning disabilities and especially of children with Down's Syndrome. In addition to the schools with which it worked directly, this node carried out important training and advising activities in many institutions ant entities engaged in this field. It set up an "Information Technology in Special Education Resources Centre"
. The Oporto University node also worked with pupils with cerebral palsy and studied the possibilities of both Macintosh and PC type computers.

d) Curriculum development in specific areas was very unequal. The most significant areas were Mathematics, Sciences, Languages and Social Sciences subjects
. Various initiatives were taken in Music teaching by the Minho node and were followed by other nodes, among which the Lisbon ESE node. The late arrival of equipment and the difficulties in seconding teachers were liable for the non‑completion of any project worthy of note in this area
. Robotics was a significant work approach in several nodes, mainly with Lego‑LOGO and turtle robots
. In the field of subject‑oriented curriculum development, mention must also be made of the work with data acquisition systems by he nodes of Évora, Aveiro and Minho Universities and by the GEP node.

e) From the MINERVA Project, or with its help, some nodes developed post graduate programmes, particularly master's degrees. This was the case with Minho, Aveiro, Coimbra and DEFCUL nodes
. These programmes
 include some research work mainly aimed at the potential of different utility or educational software, of following‑up specific projects (LOGO, music, ideas keyboards, etc.), of specific approaches to IT or relating to the ideas and attitudes of the teachers and training models. Some nodes, such as that of the Lisbon University, Faculty of Psychology and Sciences of Education, that of the University of Oporto and that of the FMH/UNL, chose research as one of their essential fields of activity. However, if we exclude these cases which, in fact, had no great impact, the reality is that educational research was not a strong activity in the MINERVA project
.

f) Finally, in some cases, MINERVA was an important factor of regional development and established many links with local authorities and firms. Along with the Minho node, those of Évora, Santarém and Faro
 stand out in this field. In this way, the nodes succeeded in consolidating their material resources (equipment, consumer goods) and at the same time helped to spread information about computer science, and provided training opportunities for persons not related to the project.

Local Support Centres (CAL). The CAL's were established by the nodes as an tempt to meet the training and follow‑up needs of the growing number of schools involved in MINERVA in a closer and more rapid way
. They were also intended as a closer link with the local area, the local authorities and the different community institutions
. At the same time they allowed for a better management of human resources by creating a structure based on a geographical distribution
.

Generally speaking, the CAL's conducted the pre‑service training previously offered by the nodes, attempting to make people aware of applications and various software, promoting teaching related activities and supporting the projects developed by school teachers
. The idea of training which underlies this structure was one where the teachers played an important role in defining their career projects and their needs. They went to the CAL for technical support or advice on how to perform their intended activities. In this sense it was an idea far in advance of that which brings all training down to attending more or less intensive courses where a crystallised "school type" knowledge is provided
.

In certain cases these centres basically did what the nodes used to do, except for more advanced training. But for some nodes, the CAL's were the foundations of resource centres for teachers, taking their inspiration from similar bodies existing in countries like Spain and England
.

One of the aims of these CAL's was a closer link with the community. Beja is a very positive example of cooperation with the local authorities. For two years, the local Town Hall seconded a member of its staff to work full‑time in a CAL
.

The CAL's formed a very important organisational structure of 90 centres all over: the country. However, there were several drawbacks to their development and operation:

–the setting up period lasted for a year or more in many cases,

–there were never enough seconded teachers; many CAL had only one teacher in a more or less isolated situation
,

–the uncertainty as to the future of these centres, in institutional terms.

The CAL's provided an effective decentralisation both as to current management and, more particularly, to training activities
. In some cases, they enabled a rational use of equipment which was quite inappropriate for some activities but perfectly usable for others. Moreover, they gave more users access to more powerful machines
.

Eventually, the CAL's lost out. Meanwhile the FOCO programme was launched promoting the formation of associations and schools. It was backed by strong financial resources and enjoyed institutional prestige and finally took over training completely while the centres lost all reason for being.

Training. The expectations of teachers who attended MINERVA training courses ranged from curiosity about the computers to the actual wish to use them in their teaching
.

The nodes provided the training of school teachers directly linked to the project and later the training of all teachers interested in IT. The style and scope of training changed over the different periods. Firstly, with only a few schools, training was centred in the nodes and completed by a systematic follow‑up
 by means of field‑work. As the number of schools increased, so did the number of trainees and follow‑up action became more formal. The creation of the CAL's was a response to an ever increasing and distributed training need. Finally, the training provided within MINERVA began to lose its impact. This was mainly due to the appearance of other initiatives which not only recruited most of their training staff from the project but also offered to trainees the credits allowing them to advance in their career.

Most nodes provided both a general basic training and a more specialised training, normally curriculum related (by subject). Generally speaking, the nodes were also concerned with more advanced training for those teachers directly responsible for the schools' project activities as well as for those seconded teachers who made up their teams.

Teacher training and support also included the organisation of: (a) meetings and sharing of ideas, in the 1st cycle of basic education, and other levels; (b) subject‑related seminars; (c) work groups with teachers to explore a theme, a language or a programme; (d) individual support at the node or at the CAL; and (e) project support.

In addition to training itself, which was mainly provided at the node or CAL, the support provided by the node team consisted in preparing documents which would serve as theoretical‑practical supports for the trainees. Among the support publications special mention must be made of the periodical bulletin which gradually became a normal practice. On the whole, it was a vehicle for training and information, a forum of ideas and reports of experiences within the area of information technology.

The wealth of the training work carried out by the nodes led to the publication of a document called: "As Novas Tecnologias da Informação a Formação dos Professores"
. In it, attention was called to (a) the need to integrate technical and teaching/learning issues; (b) the importance of taking into account the needs and interests of teachers with different career profiles and expectations; and (c) the importance of the teachers involvement in their training process, stimulating self‑training systems. The work done in teacher training enabled the training process to be defined and improved and the teachers' participation as full members.

As for methodology, the MINERVA training considered self‑training, co‑training and hetero‑training as essential components. This implied interactions between trainees and pupils in educational contexts and between trainees themselves by sharing and discussing ideas. While some nodes insisted above all on flexibility and modulation
, others stressed the need for longer training periods in order to provide effective opportunities for educational change
.

Although all nodes, on the whole, were concerned with linking technical and teaching aspects, the relative importance varied among them. Thus, in some nodes emphasis was clearly placed on the study of the educational applications, in others more specific computer science aspects were stressed. LOGO language is a good example of the matter. While for some nodes it was mostly important to discuss the nature of the pupils' activities and their learning processes, others highlighted its programming language characteristics.

It must also be noted that even if the FOCO programme IT trainers were mainly recruited from MINERVA teams, the general sense of this training was of a very different nature. In fact, in this training, an essentially "school" model was followed as opposed to that provided in the nodes and CAL's, which arose above all as an attempt to meet the teachers' pedagogical needs and support them.

Human resources. The node teams included university teaching staff. In most cases, there were one or two professors, rarely more. ln some cases, the node was actually coordinated by a seconded teacher
. Generally, the university professors involved in the project did this work along with their everyday tasks of teaching, research and, sometimes, management.

Therefore, the role of the seconded teachers was absolutely essential
. They carried out the fundamental part of the project work on training and curriculum development. At times, they also take part in software development either in its design or, more rarely, in its execution.

The situation of those seconded teachers became very uneasy after the passing of new legislation establishing that, after four years on secondment, the teacher would lose his/her permanent job in his/her school of origin and would be placed in a redundant category. MINERVA was not able to set up a system where the training received by these teachers and their work with the nodes could count in their professional curriculum within the framework of the new Teaching Career Act in non‑higher education. Even so, their project experience generally gave these teachers a deep knowledge of IT and a very significant experience in teacher training. For many of them it was a very decisive way towards new professional opportunities.

Organisation and working style. The different project nodes had wide range of organisation philosophies. In some cases, their operation was clearly "top‑down" like the normal activity of the institutions where they were based. In other cases, their operation was more informal the contacts between the node coordinators and the seconded teachers being very easy. Some times, this informality and easy access was extended even to those school teachers who were most engaged in project activities and led to a very healthy and fruitful type of cooperation between researchers and teachers from different levels of education.

Interactions between the nodes and the institutions hosting them were also highly diversified. They were particularly easy when there was a good working relationship between the node coordinator and the governing bodies of the institution. However, in some cases there were difficult moments but nevertheless they were not sufficient to undermine the project's activities.

In most cases, the experience and know‑how gained by the node teams went inside the institutions. In this way, IT became part of pre‑service teacher training and its importance grew more and more. Thus, the institutions were able to make full use of MINERVA's resources for their normal activity, from pre‑service teacher training to teaching computer science to pupils of very different courses, including Master's degree, and for their R & D activities
.

In spite of their dynamic work and initiative, in most cases, the MlNERVA nodes showed little ability to grow. They remained closed to people ( even from the university world) who began to show increasing interest in the area of educational applications of IT.

To sum up, the MINERVA nodes made up a structure which showed a great capacity for initiative and mobilisation. lt gave rise to teams which were remarkably competent in specific fields of the educational use of IT. They were outstandingly active in several areas, including curriculum development, training and support for schools and software development. The project helped to strengthen host institutions in terms of computer science equipment. It enhanced the introduction or consolidation of the IT subject in pre‑service teacher training courses and helped to confirm the higher education establishments in their area of regional influence.

4. Schools

The MINERVA Project was mainly aimed at teachers and pupils below high education level. Its activity in schools provided them with a practical experience of the educational possibilities of IT, while stimulating the idea that IT is above all a tool for project development and a support for the widest variety of activities
.

Integration of schools in the project. Generally speaking, the integration of schools in the project was based on three essential elements: (a) setting up teams of teachers; (b) organising specific work spaces; and (c) relationship with the respective management bodies. Each of these points will be dealt with in detail.

In order to join the project, either the schools were contacted directly or they contacted one of the nodes themselves. Mostly, the nodes were looking for the process to be taken up by a team of teachers interested in the educational application of IT. In many cases to become associated schools were asked to develop a preliminary project of activities they would like to follow through
.

The problem of space organisation was very different in 1st cycle schools from what it was at other education levels. ln the 1st cycle, each class had only one teacher and, with a little imagination, it was possible to work out ways for all pupils to use a single computer
. At other levels, split up into various subjects, with each lesson lasting 50 minutes and without adequate equipment (for example, screen projectors) it became much more complicated to get the best out of a single computer in the classroom
. Thus most nodes decided to use alternative spaces–the MINERVA School Centres (CEM)
 — devoted to IT work.

The teams operating in the schools had to be given minimum working conditions. There again, MINERVA aim was to make the whole school more dynamic. These  aims could only be reached with the help of the school's governing bodies who were invited to jointly sign the school's application. In this way, when they became part of the project the schools guaranteed: (a) premises and conditions of security for the material they were to receive; (b) a plan for using IT in the school's activities; and (c) working conditions for the teachers in charge of the project in the schoo
.

In the 2nd and 3rd cycles of basic education and in secondary education, organised by subjects release time credits were granted (up to a maximum at 20 hours per school, normally about 4 or 5 hours per teacher) in order to plan and develop activities, to discuss the results of these activities and to help other colleagues. These hours corresponded to service provided in the CEM
. In the 1st cycle, with only one teacher per class, no release time was possible. This meant a significant increase of work‑load for those teachers involved due to the fact that all planning, dialogue, discussion and training had to be done after school hours.

The MINERVA Project fixed its target of covering all 2nd and 3rd cycle schools and between 20 and 25% of 1st cycle schools before the end of 1993. In fact, by the end of the project some 60% of C+S and secondary schools were covered, as well as 40% of 2nd cycle schools and 4% of 1st cycle schools
. In some districts, such as in Beja and Guarda a 100% cover rate was achieved for secondary, C+S and 2nd cycle schools
.

Equipment supply. The schools were equipped by the nodes to which they were attached. The autonomy policy, which characterised MINERVA from the outset meant that each node had its own policy in this matter. Hence the nodes managed their own finance which was in the form of a yearly allowance received from GEP/DEPGEF and other amounts obtained through their own initiatives, counting on a policy of lesser expansion and better equipment or greater expansion and worse equipment. This situation soon led to a great variety of models and makes of machines in schools, some of which were not repaired when they broke down
.

The computer equipment the nodes installed in the schools was, in some cases, the starting point for the latter to invest in more and better equipment, by acquiring more powerful computers and peripheral equipment, such as the scanner
. But this was only seen in a few schools which w ere keen and well‑placed. They succeeded thanks to: (a) help from local commercial, industrial or administrative bodies; (b) prize money given for innovative projects presented in competitions organised by GEP/DEPGEF or by IIE; and (c) their own initiative.

By 1994 standards, the computer equipment acquired by the MINERVA project can be considered as generically out‑of‑date. The number of computers
 per school, in 2nd cycle, C+S and secondary schools normally varied between four and eight, although in some nodes there were schools with only one, two or three computers. The peripheral devices and the type of software used were also very variable. Generally, those schools which received equipment from several sources were the best equipped, while the worst equipped were the 1st cycle basic schools. This fact can be mainly attributed to the progressive abandonment of this level of education, as financial investment was channeled in priority to secondary education.

Activities. Due to the very different nature of activities the 1st cycle of basic education must be dealt with separately.

In the 1 st cycle, the pupils have only one teacher and they work all day in the same classroom. There are no constraints on how time is used. The computer can be used as a normal working tool along with the book or the blackboard. It is used in all subject areas, particularly Portuguese language, expression, mathematics and the study of the social and physical environment
. However, the computer played its main role in project development, highly motivating the pupils, especially for the quality of the final presentation of their work
. Very often the activities resulted from the school project and had an involving character trying to link programme knowledge with subject‑oriented projects.

The teachers frequently stimulate two pupils to work together on the computer. Know‑how is passed on inside the class and any help in solving difficulties is often informal, through a network of interactions where the teacher's role is only one of an attentive observer
. On the whole, the pupils find it very easy to learn the basic knowledge for executing a program. It was not rare to see the roles of teacher and pupils reversed when it came to using the computer
.

In some schools, where the computer had been introduced from the start of the project, the teachers already included a different working area in their teaching. The computer became a centre of interest with great power of attraction and versatility and gave rise to the most varied projects
. This model was widely used and became the most common way of using the computer at this level of education.

At one time, several node
 tried another way to introduce the computer into schools at this level. They created space outside the classroom, which could be used by all pupils from different classes. The overall result of these activities was highly positive
.

To sum up, the use of IT in the 1st cycle of basic education was a factor which gave rise to several changes:

–it encouraged closer cooperation between teachers of the same school and schools of the same area,

–it gave many teachers new ideas about the nature of the learning process, classroom organisation, activities to propose to pupils and even about them​ selves as professionals in continuing training,

–it helped to improve teacher self-esteem who show their work recognised as being equal to (very often better than) that of teachers at other levels.

Nevertheless, it must not be forgotten that the use of computers in the 1st cycle started off with a number of difficulties and setbacks. Firstly, there was the enormous instability in placing teachers, especially the younger ones and, secondly, the lack and increasing obsolescence of the equipment
.

In 2nd and 3rd cycle basic schools and in secondary schools where pupils have a great number of teachers and where they move from classroom to classroom and where the school time is divided into fifty minute periods, the CEMs were the base models of organisation of the MINERVA Project. These centres followed the traditions of the 2nd cycle leisure clubs and were places where small groups of pupils–normally voluntary ‑ were able to play and follow other activities under the supervision of one or two teachers in a more informal atmosphere than in the classroom. Some of these centres were quite spacious and had enough equipment to be used for classes where the computers were needed.

Due to the release time granted many teachers performed their project tasks with a great spirit of commitment and responsibility. They believed strongly in the educational value of the activities in which they were engaged. Their teaching time was reduced by or a hours, but often they spent much more time than that each week
.

The CEMs did not have the same success at all education levels. In the 2nd cycle, given the age level of the pupils, there were cases where the pupils were always very dependent on the teachers. However, in the 3rd cycle and at secondary level, the pupils were independent enough not to need much help and the centres tended to be lively work places. Very often, the older pupils helped to run the CEMs and so the centres were able to stay open longer
.

The software most often used in the CEMs covered quite a wide range of commercial type programs (word processors, spread‑sheets, data bases, design programs, electronic publishing programs) as well as specific educational programs which meanwhile had been developed for the various subject areas. Many nodes put forward working proposals to direct the activity of these centres, but the schools also designed and put into practice independent projects. One of the outstanding activities was the publication of the school journal, which was sometimes of a high technical and design standard. Another very common activity was the study of the school's surroundings, with projects on the environment, heritage, cultural traditions and demographic movements
. Another frequent project was computerising library records. In the final part of the project IT activities were often related to the "Area Escola" (multidisciplinary activities)
.

Thus, in the CEMs, the pupils either worked on their own projects or worked on projects proposed by their teachers. The centres were also the place where pupils prepared posters, leaflets, inquiries, texts, graphs and where they analysed data for presentation in class. In many cases they were also places of a school sub culture for pupils and teachers who knew all about IT. The nodes even considered the progress of some of these centres in terms of school resources centres: places inside the school where teachers and pupils could use different types of educational resources (computers, telematics, audio‑visual equipment), where they could consult, produce and reproduce documents and find help in working on their projects. Some centres like this even began to appear in several schools
.

Some nodes were interested in carrying out class experiments. In most cases, this consisted in taking a class or part of a class to a CEM
. One attempt to make this sort of experiment systematic was made by the DEFCUL node, with a meeting they organised in 1988 on "The Use of Computers in the Classroom"
. But at the end of the project, several nodes considered that as a whole, the use of computers in the classroom had been of little significance at this level of education
.

One of the major problems in 2nd and 3rd cycle schools and in secondary schools was the teacher’s mobility, particularly in the inland areas of the country
. Competition from computer science and from other projects, like IVA A, led to a certain movement away from the CEMs. This resulted in a scattering of teachers and, sometimes, in a poorer use of human and material resources. Other obstacles to a better dissemination and use of IT in schools were the incompatibility of teachers' schedules, standing in for colleagues, the overloaded timetables for the pupils, the number and type of equipment units and the lack of space
. When the project started, the software and equipment characteristics
 also caused problems for many teachers.

At these education levels, the CEMs were an important teaching force for schools. Nevertheless, it can be said that introducing IT in the curriculum remained at experimental level. More progress would have been made with better planned and better calculated efforts than those made in most schools taking part in the project.
5. Assessment  of an innovative project

To carry out a project means aiming at reaching concrete goals. A project, however, can be analysed not only by the way in which it reaches the proposed goals or not, but also by the processes it starts off, the new questions it brings about and by the lessons it allows to be learnt for carrying out future projects. In this section, the essential aspects of MINERVA are described and its innovative approach is highlighted. An attempt is made to systematically classify various results of the activity as well as the main issues to be addressed.

MINERVA was characterised by a distributed leadership where each of its levels enjoyed a certain degree of autonomy. Schools joined on a voluntary basis and largely on their own initiative. Therefore, it can not be defined by the simple logic of a project topdown as certain analyse based on the literature of educational innovation tend to do
. Rather, it represents a hybrid logic, with vertical intersections (moving both upwards and downwards) and horizontal intersections (inter‑school and inter‑node). In fact, if we again use an analysis made during the 3rd MINERVA Project Congress
, we are able to state clearly that there were three distinct projects, not only one, i.e., the Ministry of Education project, the node project and the school project

The Ministry's Project. At this level, it was initially a project rather "authorised" by the education authorities than “designed” by them. In the "modernising" wave of the 80s, MINERVA was a relevant part of the education policy. It made computer science available to a large part of the population. It also helped to create a favourable atmosphere for education reform and it was a means of international cooperation (particularly with other European countries and also with some Portuguese speaking countries)
. Ultimately, it was a project that fitted into the great national aim of improving the quality of the education system–which, as it is known, was seriously wanting. This explains why it was not difficult to find people who were ready and willing to take part at the different levels. It also explains why the political powers were ready to provide cover and financial means, as well as their interest in controlling it once it had reached a certain level of development.

As a country wide project, MINERVA always had a very discreet performance. Little mention was made of it in the media. Strategy planning and discussion, as well as effective coordination, were not its strong points. Its linking with other departments of the Ministry of Education was not a complete success. There was a negative side, it is true, but it also provided something positive: it gave the nodes and the schools a great freedom of action.

The node's project. In this case, it was essentially a higher education establishment project focused mainly on training, research and development or on the assertion of regional importance. It was a very heterogeneous project, due to the wide differences between the various nodes (the nature of the host establishment, and the profile, previous experience and involvement of the respective coordinators).

In these establishments, the project enabled the formation of strong cores of competence in matters of information technology, with a high capacity for training, and the reinforcement of their infrastructures. In many cases it enabled a number of activities to be carried on curriculum development and research (production of software and support material). It led to the formulation of ideas and strategies on training. It stimulated the rise of other more specific projects and helped to set up the most varied relationships and cooperation activities. The main weaknesses were the poor integration in the host institutions and the difficulty in absorbing new parties who became interested in the issue of the educational use of IT
.

The school's project. Here, the reality was even more heterogeneous. In each school, the project was very much what the team of coordinating teachers, together with the governing bodies, was able to do with the means and opportunities at their disposal.

In many schools, MINERVA was a basic reference in terms of action and reflection on teaching. It promoted the formation of teams of teachers who cooperated in common activities. It fostered the taste for professional investment and helped schools to be more dynamic. It provided new life‑styles and new reaming situations for the pupils (very significant, in some cases). It helped to create inter‑school relationships and set up effective mechanisms for exchange of ideas between teachers.

In other cases, it remained below, or even well below expectations, either because the teacher team did not know how to open up with regard to the rest of the school and make the project activities part of school life, or because it was unable to involve the pupils, or even because of logistic problems (lack of classrooms, equipment or other resources) or organisation problems (poor relationship with the node or with the school bodies)
.

MlNERVA's strength and atmosphere. MINERVA's activity was marked by two relatively rare aspects in projects of this nature. Firstly, there was the high degree of creativity shown both by the nodes and by the schools. Normally, in educational projects of this size, the level of creativity is high with the organisers but low with those in the field. This did not happen with MINERVA. We think that this creativity which strongly asserted itself in the first phase, mainly resulted from:

–the organisation scheme adopted, counting on decentralisation and autonomy of the nodes,

–the wide variety of academic backgrounds, motivations and prospects of those in charge, including computer specialists, scientists and teacher trainers,

–the Ministry of Education not having a leading role at the outset, limiting itself basically to following up the project and appraising its development,

–the pertinent way in which the project knew how to match the underlying wishes of many teachers and pupils.

Secondly, we must also mention the very fruitful relationship between higher education staff and researcher" and teacher" of other levels, substantiated by the ability to dialogue and carry out joint activities. This was quite unlike the traditional relationship, where both teaching levels tended to keep their distance and not to trust each Other and resulted above all from the performance of the participants related with teacher training who were able to bring to IT work the experience of major educational trends' such as in‑service training and club activities from the former preparatory cycle Another important point was the interaction in the same project of individuals teaching different subjects from different education levels (1st, 2nd and 3rd cycles, secondary, special education), with different training backgrounds and working experience
.

These two aspects provided the essential drive for the project. However, it did not always develop at the same rhythm or in the same atmosphere. In the first phase, there was a whole world to discover and enthusiasm ran high. Everything seemed possible. The nodes had lots of initiative and the schools were highly receptive. In spite of all ingenuity, this phase fulfilled its role of exploring IT and training teams in the nodes.

At the end of the first period, the problems began to mount up. The issues arising from the project's expansion and the allocation of resources reflected serious hesitations as to the policy to follow. Dialogue difficulties between the various levels (mainly, between the leaders and the nodes and between some nodes and the schools) were on the increase. MINERVA grew in size, but was unable to find the correct organisation schemes for its development.

As from then, MINERVA ceased to be a single project and became en "aggregate" of projects. In the first phase it was quite normal to try out the most varied paths, but in the second phase the existence of highly diverging priorities was actually strange. There again, creativity began to give way to "normality". The nodes tried to adapt to the new conditions and learned to play according to the rules that were imposed on them.

After a while, the GEP/DEPGEF began to try out and lead alternative ways, in some cases with the involvement of the business world (PRODEP tenders, IVA and FORJA Projects). Ambitions remained strong, but the project was little more than a means of distributing software and equipment, carrying out training, and, to a much lesser extent, helping some research teams.

The Ministry of Education never tried to clarify its position concerning the major options on the specific role of IT in curriculum development and in school life, which should have been taken at a high level of political responsibility. It can be said that once the process had started, the Ministry had ever greater difficulty in understanding it. On the one hand, it tried out alternative ways to make it come into more familiar lines, on the other, it decided to wait and see. And so it ended up by not doing the most important, which should have been to Listen in good time to what those in the field had to say about the more decisive matters: What aims for using IT? What model for integrating it into schools? What dynamics to push?

This development naturally corresponds to two different states of minds of the participants. Firstly, there was a feeling of optimism and satisfaction. This was thought to be a challenging project where it was worth while working for its great potential for changing schools. Secondly, a certain confusion was setting in and this quite often gave rise to despair and even to bitterness. Some participants left for other projects while others turned their interests to other fields of activity. Other stayed, with a highly critical position relating to the project's running in its final phase.

Main Outcomes. Initially, MINERVA aimed simply at introducing IT into the primary and secondary education. It was a vague and ambiguous notion, but which became a little clearer with the use of such terms as "rationalisation" and "up‑dating" and the description of "computer science as a scientific subject" which "now provides methodological solutions which allow an accurate approach to the solution of a wide range of problems"
. When MINERVA was born, it was assumed that the application of computer science, through its own methodologies and tools, would make up the basis of its activity.

However, MINERVA developed in a very different direction, and accepted wide range of academic contributions. Without ignoring the immediate practical action– rather it was always characterised by a dynamic performance in the field–it also attempted to question how schools could change with the introduction of this technology. Ln this way, it questioned the schools themselves in terms of their aims, organisation and working methods.

Thus, while considering the introduction of IT in the framework of wider objectives, MINERVA asserted important educational concepts, such as the idea of the critical use of information, project work, interdisciplinary cooperation and the role of the resource centres in school organisation. These concepts were consolidated through the nodes' general approaches, ideas, experiments, practices and concrete solutions. It is worthwhile highlighting the following aspects which had the greatest impact

–seeing at the computer as not only an educational fashion, but a wide cultural phenomenon, rooted in modem society,

–taking an optimistic attitude towards technology and setting up contacts between technical culture and human culture–denying the value of purely "technical" solutions and going beyond the fears of inevitable de humanisation and worsening of social inequalities as a consequence of using new technology,

–using information technology as a means of changing and not only of updating and strengthening the present system,

–establishing new educational objectives, such as: a) the ability to collect, control and take advantage of existing information; b) the ability to identify, develop and build solutions for a number of problems; c) the creation of a mentality of permanent reaming (with pupils and teachers),

–creating new spaces within the schools, new forms of organisation and developing a new style of cooperative learning between teachers and pupils,

–within the constraints of existing resources, finding specific solutions, in special, the proposal of using the computers as a tool,

–proposing not to associate the computers only with Computer Science or 1T, but making it an important tool for all curriculum subjects
,

–integrating all levels of education in this process, not limiting it to the end of secondary education,

–creating project opportunities in schools, stimulating the formation of teacher teams,

In practice, the main theoretical reference points of MINERVA began to shift to the field of education rather than to the field of computer science, with particular incidence on the issues of teacher training and curriculum development.

MINERVA partially shifted from the first of its initial objectives, relating to the teaching of IT, which was not considered as important. The second and third objectives relating to the use of 1T as a means of teaching support and teacher training, were present throughout the project's life‑span. Even though very significant steps were taken, neither objective was fully reached. In one case, because at the time of preparing the new curricula there were no guidelines forthcoming from the Ministry of Education for the teams in charge to incorporate IT in a more significant way, in the other case, because of the overlapping of another national programme, the FOCO, with a very different philosophy and performance.

The subject of "Introduction to Information Technology" which is now part of the secondary education curriculum, as an optional subject, occupied many MINERVA teachers at school level. It is essentially intended for reaming a large number of utility programs, with a view to regarding the computer as a tool at the service of the most varied projects. It can be said that a little of MlNERVA's inheritance remained in this subject

Overall MINERVA was basically the start‑up of school change, taking into account the new cultural reality of IT. In spite of its apparently untidy nature, it did allow many dynamic forces to develop. It created new ideas, stimulated initiatives, was behind the emergence and growth of numerous teams. More specifically, MINERVA:

–allowed IT to be spread in schools, as a work tool, demystifying it and making it accessible;

–simulated the formation of teacher teams and the assertion of a project culture in schools;

–provided professional "growth" for those teachers who were deepest engaged (seconded teachers and school coordinators);

–encouraged the development of project activities in schools, contributing greatly towards a new teaching/learning culture, based on a closer and more cooperative teacher‑pupil relationship
;

–helped the pre‑service teacher training courses having a significant IT component;

–established new relationships between higher education establishments and schools as well as between schools in different parts of the country;
–fostered international cooperation with various European, African and South American countries, as well as Portugal taking part in the European Pool of Educational Software.

The project gave rise to various subject‑based associations, interested in the educational use of IT
. There again it stimulated the formation of work‑groups and the promotion of other initiatives within already exiting teacher organisations
.

One of the criticisms made of MINERVA was that of it being at the service of a "new vocationalism" and that its aim was to up‑date the Portuguese workforce to serve the interests of the present phase of capitalism
. Another was that its activity was purely and simply part of the "consumer sphere"
.It is difficult to uphold these opinions
 MINERVA was always a critical and diversified project with an essentially educational trend and concerned about training issues. It had a number of approaches and performance levels. It was not part of a single, clear‑cut policy, but it reflected to the political, educational and professional plans, views and interests of its different actors.

Issues to be addressed. To completely ignore MINERVA outcomes and experience would be just as bad as being too pleased with them. Much remained to be done:

–a definite model for Computer Science Centres in schools was not found, so as to define their activity, the resources required, the support staff and the conditions for their operation;

–although strongly stimulated, the national production and dissemination of software and support material was insufficient (with the serious risk of being reduced as the project comes to its end);

–specific models for IT use in the classroom were not developed for most subjects. Curriculum development tended to have a secondary importance and an incipient methodology, while new evaluation methods and new standards of quality were needed;

–as for pre‑service teacher training, the integration of 1T in some schools was not enough. There again, a more formal continuing training had the worst possible start with the FOCO and FORJA programmes, the technical aspects and schoolbased approaches being enhanced;

–the MINERVA experience (noted above in its main approaches, ideas and practical applications) was not assimilated by the pedagogical coordination structures of the Ministry of Education (Education departments, Regional directorates, Educational Innovation Institute) thus making the integration of IT in the different subject curricula difficult;

–the local support centres were not successful and it was necessary to rethink teacher support methods.

In many cases, it was not easy for MINERVA to fit in with the schools' activities and to appeal to the great majority of teachers. In some schools, the project remained closed on itself only available to a certain "elite". In others, it was a source of controversy between teachers
. But there is no doubt at all that the schools were tied up after the drastic cut of the teachers release time. The teams simply collapsed.

MINERVA was highly successful in integrating IT in the 1st cycle of basic education and in using premises outside the classroom for interdisciplinary activities at other education levels. But in most subjects, there were not enough experiments for theorising about strategy, nor feasible models for using IT in the classroom
. Thus the Project stopped half way in its tracks towards its aim of introducing IT into schools
.

Conceptual discussion was not a very strong point. Major outside obstacles were few and the general public opinion was favourable. As a result, little was said in the media. Neither was internal discussion very intense. The development of ideas was not stimulated as it should have been
.

MINERVA did not succeed in effectively involving a more significant number of researchers in education. Taken up with their management and training tasks, the university professors involved had little time for research and reflection. In this way, in spite of being strongly based in the field of education, MINERVA eventually by‑passed educational science research and thinking.

The new ways opened up by MINERVA did not take deep roots in the Portuguese teaching/reaming heritage. Hence the present enthusiasm of many teachers and bodies of the Ministry of Education, such as the Educational Innovation Institute
, with poor quality software on sale.

How can this situation be explained?

Firstly, MINERVA' design should have been limited from the beginning. It simply was too big. It should have been less ambitious and shorter. Its historical role could only have been what it was–a project of dissemination, a seed‑bed, a launching of new views. To go beyond this, another type of project would have been needed, with more specific aims and with less ambitions of covering the national territory: projects of software development, projects of training/intervention directed by certain schools, projects of curriculum development in certain areas, and all this solidly based on educational research
.

Secondly, there were restrictions which stemmed from its structure and type of coordination. If computer science was unable to guide a project of this nature by itself, neither could education succeed in finding the best solutions for its development and even less so the political decision‑makers who "standardised" the project MINERVA started off well but was not able to change its aims and ways of operating in time. The model soon dried up and there was no way of amending it adequately
.

Thirdly, the necessary evaluation mechanisms for the project were never put in place and these had been provided for right from the outset
. Such an absence is incomprehensible in a project of this size. In fact, there were never any written guidelines, explaining black on white, what the projects aims and policies were. The aspect of systematic reflection on the development of activities was always ignored and only some nodes organised sporadic initiatives in this sense
.

Fourthly, MINERVA was always marginalised by the Ministry's policy. The basic options were never taken when they should have been. The project was never duly integrated. This explains the difficulties of linking with the new curriculum plans prepared within the frame work of the education reform and why, in the main, the sub programmes announced in the "Proposta Geral de Reforma"
 were not put into practice while, instead, a very different policy was adopted.

When evaluating the achievements and the issues left open by MINERVA, we must bear in mind both its nature and its specificity. Indeed, the project was national‑wide (it was to cover all the schools in the country) but there were no similar projects for it to count on for support. Moreover, it never did count much on support from the Ministry of Education (unless for some administrative matters) and lived essentially on teachers' enthusiasm and investment, mainly the seconded ones. Finally, it covered an area full of technical issues, where the great temptation was to fall into the technical trap.

In conclusion, MINERVA created a fabulous dynamic movement but fell victim to its own gigantic size. In many schools of all levels it cawed a true cultural shock. It stimulated the emergence of new work approaches and provided an important place for training. Nevertheless, it could have drawn benefit from more inside and outside discussion, from a better structure defining working guidelines and giving responsibility to the nodes. Finally, its impact on the education system would have been far greater if the Ministry of Education, at the highest level, had been attentive to its progress, to its needs and to its practical implications.

6. The future of information technology in Portuguese education

MINERVA provided a wealth of experience on the use of IT in Portuguese education. However, this advantage will be wasted unless the essential aims are clearly defined and the adequate organisational conditions are created in order to pursue the integration of this technology in schools and to promote and deepen research work, development and teacher training. In this final section
 we shall attempt a systematic approach to the main aspects which must be taken into account in the formulation of an education policy in this area and show how they can be put into effect.

Integration of IT in schools. The integration of IT in schools depends on the characterisation of a model, the definition of the resources and the clarification of the roles of the different actors.

a) Model. Nowadays, there is little dispute that IT should be integrated into other subjects and, in the final phase of secondary education, it could form an optional area of specific study
. However, in most of the new programmes prepared for the curriculum reform this technology does not appear. Why is this? How long will this situation last?

But the model is not limited to organisational options. Is it intended or not that this technology inspire interdisciplinary areas, thus opposing the trend for the complete specialisation of knowledge? Is it not high time to question the idea of a crystallised and inert school knowledge? Shall the intellectual authority continue to be the teacher's privilege or shall it derive more and more from argumentation and evidence obtained?

Innovative pedagogical activities suppose the strengthening of independent work, of group work, of carrying out long‑time projects. They imply changing schools in terms of their physical layout, rhythms and work methods. They require schools which are rich in resources, i.e., technological and human. What, in fact, is the role of the resource centres? Are they or are they not the basic organisational solution to support this process?

The different social backgrounds of the pupils, their expectations and the established representations contain self‑reproducing mechanisms which lead to an increase of inequalities, even in a pedagogically well equipped school. It is not a reason for reducing the school to the bare necessities of tables, chairs and blackboard. What is needed is to pay special attention to the problem, taking positive steps to combat the discriminatory factors and help the development of new cultural representations of IT and its social role.

b) Resources. So as to avoid being a caricature, IT needs adequate infrastructures. What was done within MINERVA was very seriously conditioned by the lack of available resources. Efficient systems of up‑dating and maintaining equipment are needed. Obviously, the limitations of the Portuguese economy must be taken into account, but we must also bear in mind that only a continued investment will enable the creation and maintenance of an infrastructure.

Since IT is directly related to curriculum, teachers are required to make it a dynamic school activity. This explains why the granting of release time is an important need
. Since it is a new field and not yet well established, it is a work front which demands a collective involvement and therefore each school must have a team devoted to this area. Without a team and without release time, IT will run the risk of becoming once again a simple reference topic, of virtually secondary importance in school life
.

c) Actors. The leading actors in this process are, naturally, the schools and the training centres. Higher education establishments may also play a role, helping to develop, implement and evaluate the various models and policies.

Research and development. Research and development are the guarantee of the continuous renovation and up‑dating of ideas, practices and processes, looking with a critical eye to the schools and providing a strong impetus for innovation
.

a) Fields. Work on educational research continues to be essential. This will certainly not succeed in solving all the major problems which arise, but it will allow for a permanent reflection and a better understanding of the questions about the teaching learning process. It is important to increase the debate both between those who are directly interested in this matter and between the critics and die‑hard supporters of technology. Curriculum development, which is still in its very early stages, must be clearly stimulated. Technological development must benefit from the necessary opening up to new product developments (such as multimedia) and to new experiments. These must be accurately reviewed resisting the non‑critical lure of high tech. In particular, if a strong interaction between these three fields is successful, then significant progress is to be expected
. In fact, development of projects involving interdisciplinary cooperation must be stimulated, including computer science and engineering, as well as the psychology and the very science of education.

b) Support and programmes. It is now high time to decisively promote interdisciplinary cooperation in research itself. The development of a true scientific community around the use of IT in Education, is highly desirable. Projects of a significant dimension must be stimulated along with the possibility of their being extended for significant periods of time. Once the running conditions are in place, rigorous accounts will have to be called for. Given the novelty of this theme and the lack of established tradition, teachers will necessarily take part in creating the new pedagogical know‑how relating to IT. Their contribution to research will have to be explicitly enhanced
.

c) Actors. The higher education establishments and, eventually other research and development bodies will be called to play a leading role. But the enhancement of cooperative research methods supposes an equally important participation by schools and training centres. The administrative authorities will be responsible for preparing and managing programmes in this field.

Training. Training will continue to be an essential point in the introduction of IT into schools. Apart from problems of a technical order, training must be a true growth process fostering the creation of a new professional mentality in teachers.

a) Fields of training. On the one hand, "basic training" (pre‑and in‑service) shall allow all teachers, insofar as they are interested and able, to become current IT users in their teaching. On the other, "advanced training" (specialised courses, master's degree and PhD's degree) will train senior staff for occupying strategic places in this process, whether at R & D level or in the very operation of the system (at training centre, school and management levels).

The school is faced with the need for a deep change. If we look again at Papert's theses
, these changes are above all cultural rather than organisational or technological Teaching culture is essentially individualist and defensive
. Teachers find it difficult to question their work, even in a context of constructive analysis. A renovation of schools through the dynamics of innovative projects demands a more effective ability to work in group, the ability to open up to criticism and to a sense of self‑appraisal. It is the whole problem of the professional profile which is in question.

b) Actors. Higher education establishments will naturally have to play a part in this process, but particularly those with a stronger vocation for this field, as well as the training centres and schools. The administration will have to set up an adequate working programme jointly agreed by all these partners..

Proposals. IT is a rapidly changing field. Keeping abreast of these changes requires a minimum financial capacity (for replacing equipment, for up‑dating bibliography, and for frequent contacts with foreign establishments). The gap between what is available on the Portuguese market (especially in terms of educational software and material) and that made and published in other countries is extremely wide. For this reason, it would be disastrous to limit the potential of our R & D teams to our market conditions. Furthermore, creative work with IT supposes a reasonably wide range of interdisciplinary knowledge. Whence, the importance of minimum sized teams.

There are several possible scenarios for the future of IT applied to education. We are way behind the leading achievers
 and we shall continue to be so for many years to come. However, we may have a role of some importance if we are able to create two or three top‑rate centres. Or we can quietly follow along, trying to copy what others have already done...

In order that IT may continue to be introduced into the education system, we propose the following measures:

a) To create two R & D centres in this domain, one more oriented towards technological development and the other towards education‑related research. These centres may be based on structures already existing in the universities and will have to be staffed with a minimum team of full‑time researchers and use the services of teachers trained through MINERVA in a part time basis;

b) To create within the structure of the Ministry of Education, a working team
 with technical and pedagogical competence in IT, using MINERVA inheritance and able to develop a policy in the sector and conduct its periodic evaluation with the help of outside experts;

c) To prepare programmes to stimulate development and innovation, generally allowing for the continued intervention of higher education establishments in training, curriculum development and other more technological development; and,

d) Finally, taking into account all the foregoing items, to define urgently a policy for curriculum development, for school operation and equipment and for training strategies.

Conclusion. In most countries, the introduction of IT into education systems tends to go through three major stages: testing, development and integration
. This seems to be Portuguese course. We have completed the first two stages, but now we face some difficulties in advancing towards the third. Cooperation between research, higher education and schools is a fundamental conquest
. Nevertheless, it is a relationship which is as difficult to maintain as it is to create.

In the forthcoming stage, there are four keywords: Integration, Development, Research and Training. Integration is necessary in curriculum development, in school life, in teacher training. The development of more and better products is needed at the level of software, material, curriculum proposals. Research, both theoretical and empirical, is essential for justifying and marking out the lines of progress to follow. Training, in its widest sense of professional development, is an essential strategy for the involvement and growth of both trainers and trainees.

At the beginning, computers were to be seen from a two‑fold point of view: either to be used for teaching computer science or to be used as technology. We can make a synthesis of these two aspects. Computers are to do with setting up new objectives and developing new capacities and this is achieved through a number of new technological resources. Computers are machines. But IT is a cultural perspective. It is an important intellectual tool which enables to extend the individuals' capacity of thinking and acting in the most different fields. What is important is not the tool, however, but what can be done with it
. Its main interest is in the new forms of creativity which allow for development. Over these last nine years, IT has become a highly significant drive for change in Portuguese schools. It has been an experiment with an overall positive balance and which calls for appropriate continuation.
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Annex 1

Ministerial orders

MINERVA Project

Ministerial  Order:  52/SERE/88 ‑ The Minerva Project is an educational priority. It aims to promote the best possible use of information technology  as an aid to teaching and learning in primary and secondary education.

The first stage was planned to nun over three years as a pilot‑phase. It produced remarkable results in spreading information 

technology in the education system, in teacher/raining, in new infrastructure, in discovering the educational potential of new technology and in creating a force to motivate teachers and pupils.

As provided for in the project's original strategy, after the first three years, the time has now come to ensure the shift to an operational stage corresponding to its gradual integration in the normal planning and adminis​trative sectors of education.

Besides calling for a stronger involvement of the Ministry in  the project coordination, the success of this transition also requires that the executive action be carried out by a service which guarantees the indispensable support in human and institutional  resources.

Therefore, and taking into account the proposal submitted to me by the national Director of the Project, under the terms of Art. 2 of 

Decreto‑Lei 47 587 of 10‑3‑67, I hereby declare:

1 ‑ The Minerva Project shall be coordinated by a national  coordinating committee to include, besides Prof Dr. António Dias de 

Figueiredo who ensured the national responsibilities during the Project's pilot  phase, Prof Dr. Luis Valadares Tavares, as Director General of the GEP of  the Ministry  of Education, Dr. Joaquim Moreira Azevedo, as Director of the Technological, Artistic and Vocational Department, Dr. José Augusto Pereira Neto, Director General of Primary and Secondary Education, together with an executive coordinator for the Project.

2 ‑ Whenever it is considered necessary, the coordinating committee may also hire the services of outside specialists and it shall 

heed the opinions of the nodes and centres through enquiries, organising meetings and seminars, etc.

3 ‑ Prof Dr. António Dias Figueiredo shall be responsible for the scientific supervision of the project, while Prof Luis 

Valadares Tavares shall direct the work of the national coordinating committee.

4 ‑ The executive coordinator, who shall carry out his functions in the GEP of the Ministry of Education, shall be responsible for the 

good running of the project, namely as concerns the coordination of the nodes activities and the coordination of a team which shall ensure, in particular:

a) the technical and administrative support for the execution of the project;

b) the preparation and revision of the pluriannual plans, the annual programmes and the budget programmes for the project's execution;

c) the supervision of the execution of the plans and programmes and reporting on them

d) the technical and methodological follow‑up of the project,

e) the proposal and execution of the technical and pedagogical evaluation of the project together with all the engaged parties

f) the performance of any other function related to the aims of the project and which may fall to the national coordinating 

committee.

5 ‑ The executive coordinator shall be appointed by the GEP within a maximum of 30 days following the publication of this order. 19‑12‑88. ‑ The Secretary of State for Education Reform, Antonio  Carrilho Ribeiro.

Ministerial Order 206/ME/85. ‑ The accelerated progress of information technology, its increasing dissemination and its changing effect on society have begun to be felt on the world scene. The quantity of information now produced is permanently increasing. This definitively questions an education system which is based on the simple transfer of acquired knowledge.

Meanwhile, the change brought about by the technological revolution means that in future socio‑economic systems it will be quite normal for the work force to move about and this will happen often. Some jobs will  become obsolete while new ones will be created. This, in turn, will call for the workers of the future to be able to systematically solve new problems with the help of the ancillary training and reasoning tools new technology makes available to them.

Were the teaching system to fail in tackling this challenge, the inability to compete on the world markets, and the unemployment will quickly lead to social chaos and to economic disaster. Therefore, basic training in the use of information technology and the use of computers as teaching aids in all subjects of 1st and 2nd cycle education have a decisive importance.

The option to introduce information technology as a teaching aid ‑ in a country like ours and at a time like this ‑ needs careful planning in order to prevent a lack of realism or too much enthusiasm. This is true from whichever angle information technology is seen and in the way its introduction into the system at these levels is approached.

As to how information technology is viewed, it must be remembered that the lack of a methodology to provide the correct and efficient use for computers was, in the past, the cause of generalised faults and mistakes which had dire consequences.

Computer science as a scientific subject now provides accurate methodological solutions to a wide range of problems. Unfortunately, the mistakes made in the past risk being made in the present, now in a devastating way and on a massive scale, due to the proliferation of microcomputers as consumer goods and to their bening operated by users without any form of training at all or, even worse, by users with incorrect training!

Here, the role of primary and secondary education is of paramount importance. lt must not simply  repeat the experiments which more industrialised countries began at an earlier stage of information technology development. It must create its own momentum, taking into account the most recent developments in computer science ‑ both theoretical and practical and it must plan its actions according to the trends which are becoming apparent for the 90s.

Furthermore, and as concerns the institutional framework, great care will have to be taken in the introduction of new information technology into education. Aspects which are sometimes ignored will have to be considered, such as those relating to the psychology and sociology of learning, the theory of education, the aims and  objectives of education and, naturally, the operational aspects.

The difficulties met in countries more familiar with this problem clearly highlight the degree to which the vicissitudes of teachers and trainers training can make the process more complicated and raise costs out of all proportion. Other similar elements are the costs of producing teaching and training programmes, the haste in selecting equipment and the lack of effort coordination.

This is why, in a country where the shortage of qualified human resources is notorious, where technological dependence takes on serious proportions and where the economic difficulties require careful cost rationalisation, an effort must be made to bring together, in a national project, all those who ‑ with skill, professionalism and experience ‑ can help towards a rational and joint solution, provided that the means of finding efficient and integrated solutions for introducing information technology into the education system are given to them.

The fundamental purpose of MINERVA ‑ Meios Informáticos no Ensino: racionalização/valorização/actualização (computers in education: rationalising/assessing/up‑dating) is to promote a rational introduction of computers into education, in an effon to enhance the whole education system and to provide the means for re‑assessing and up‑dating the solutions  tested.

Under Decreto‑Lei 47 587, of 10‑3‑67:

1 ‑ In accordance with the proposal presented to me. I hereby approve the said MINERVA project:

1. 1 ‑ To include the teaching of information technology in the curriculum programmes of primary and secondary education;

1.2 ‑ To introduce information technology, with appropriate means of support, into primary and secondary education;

1.3 ‑ To train advisors, trainers and teachers for the teaching of information technology and for its use as a teaching tool.

2 ‑ Teachers from different teaching levels take part in the activities of the project on an individual basis.

I ‑ How the Project Works

3 ‑ The project shall have a distributed organisation. Its driving force shall be the Computer Science Group of the Electronic Engineering Department. Faculty of Science and Technology, Coimbra University coordinated by Prof. Dr. António Dias de Figueiredo. It shall have five nodes located in Coimbra, Braga, Oporto, Aveiro and Lisbon, respectively. Other interested institutions or bodies may join. The Lisbon node may be composed of centres corresponding to the various institutions  involved.

4 ‑ Each node, or centre, shall enjoy large autonomy in running its activities, although the activities must fit into the project's common spirit of coordination.

5 ‑ A committee is set up to coordinate the project. This committee shall be composed of the project leader Prof. Dr. António Dias de Figueiredo, Faculty of Science and Technology, Coimbra University, Prof. Dr. Sérgio Machado dos Santos, Minho University, and Eng• Ricardo Chaners d'Azevedo director of the Ministry of Education's Planning Research Bureau, along with each person in charge of the project's individual nodes or centres.

6 ‑ The working plan for each year shall be submitted by the Coordinating committee for ministerial approval.

7 ‑ For executive task of common interest, or for networking with the Ministry of Education and external institutions, the Coordinating Committee  shall  act as Executive Committee with the three members first named in No 5 above.

8 ‑ As an initiative aimed at bringing together, in a national effon. all those who ‑ with skill, professionalism and experience ‑ wish to help towards a rational and joint solution to introducing information technology into the education system. MINERVA’s structure shall remain as open as possible. In this  sense, all those groups or institutions who identify themselves with the spirit of the project and wish to take part in it may do so, either by proposing their association to the nodes already in operation or by proposing their own constitution  as additional nodes when such is the case.

31.10.85 ‑ João de Deus Pinheiro ‑ Minister of Education

MINERVA Nodes operating up to 1994

— Node of the Department of Education, Faculty of Sciences, University of Lisbon, initially coordinated by Prof. Dr. João Pedro da Ponte and then by Prof. Dr João Filipe Matos

— Node of the Higher Education School of Beja, initially coordinated by Dr. Rui Soares and then by Dr. António Júlio Toucinho da Silva

— Node of the Higher School of Education of Bragança, coordinated by Drª Ana Maria Leitão Rodrigues

— Node of the Higher School of Education of Castelo Branco, coordinated by. Drª Gertrudes da Conceição Amaro

— Node of the Higher School of Education of Leiria, initially coordinated by Drª Joana Castro, then by Drª Maria Odete João and finally by Drª Maria Beatriz Fernandes Matias

— Node of the Higher School of Education of Lisboa, coordinated by Drª Cecília Morais Monteiro

— Node of the Higher School of Education of Portalegre, initially coordinated by Dr. Mário Ceia and then by Dr. Carlos da Conceição Afonso

— Node of the Higher School of Education of Santarém, coordinated by Engº Nuno Bordalo Pacheco

— Node of the Higher School of Education of Setúbal, initially coordinated by Dr. José António Duarte and then by Dr. Mário Baía

— Node of the Higher School of Education of Viana do Castelo, initially coordinated by Prof. Dr. Domingos Fernandes and then by Dr. António Portela

— Node of Faculty of Sciences and Technology, New University of Lisboa, initially coordinated by Prof. Dr. Marciano da Silva, then by Dr. Vítor Teodoro and later by Dr. João Correia de Freitas

— Node of Faculty of Human Kinetics/Technical University of Lisboa, coordinated by Prof. Dr. David Rodrigues

— Node of Faculty of Psychology and Sciences of Education, University of Lisboa, coordinated by Prof. a Drª Helena d ' Orey Marchand

— Node of the Polytechnical Institute of Guarda, coordinated by Dr. João Bento Raimundo

— Node of the Polytechnical Institute of Porto, coordinated by Dr. Jorge Maia.

—Node of the Polytechnical Institute of Viseu, coordinated by Dr. Fernando Baltazar Duarte

—Node of the Universidade do Algarve, initially coordinated by Prof. Dr. Joseph conboy, then by Dr. Noémio Santos, and finally by Dr. Fernando Carrapiço

—Node of the Universidade do Aveiro, initially coordinated by Prof. Dr. Alte da Veiga, then by Prof. António Ferrer Correia

—Node of the Universidade da Beira Interior, coordinated by Prof. Dr. José Pacheco de Carvalho

—Node of the Universidade de Coimbra, coordinated by Prof. Dra Maria Teresa Mendes

—Node of the Universidade de Évora, initially coordinated by Prof. José rodrigues Dias, then by Dra Mariana Pereira Valente

—Node of the Universidade do Minho, coordinated by Prof. Dr. Altamiro Barbosa Machado

—Node of the Universidade do Porto, initially coordinated by Prof. Dr. Carlos Madureira, then by Prof. Dr. Duarte Costa Pereira

—Node of the Universidade de Trás-os-Montes e Alto Douro, initially coordinated by Prof. Dr. Alte da Veiga, then by Prof. Dr. Carlos Alberto Sequeira

Annex 4.

A6 Programme‑ New Information Technology in

Proposta Global de Reforma

Introduction:

1. Among the activities to be undertaken to improve educational quality, the Committee intends to promote the study of ways of modernising education, mainly through the introduction of new technology. In this sense, a Task Force was set up with a view to:

a) identifying the possibilities of Educational Technology, including the use of audio, visual, written and computer teaching material for modernising the education system and for improving teaching effectiveness, 

b) defining the generic types of equipment which, from an Educational Technology point of view, must be included in the normal equipment of schools at central, regional and institutional levels, 

c) laying the foundations for a programme to train teachers for new technology and to make teachers generally aware of it,

d) defining the progress of the sub‑system of educational technology and innovation.

As a result of the Task Force's work the Committee published a study
 in which the different technology available is analysed, including a set of specific measures to be implemented in each case. From this work and, taking also as reference several reports submitted within Minerva, namely by its national coordinator
, the Committee presents a strategic programme for introducing new information technology into the education system. This programme includes and supports the measures proposed in the study while considering them in the light of information technology potential as a tool for modernising the education and improving teaching effectiveness.

2. A large priority is given in this programme to making teachers aware of and training them for the pedagogical use of information technology. In fact, the education reform supposes a complete re‑thinking of the teacher's role. And the teacher, in the multiple facets of his work as a researcher, builder of new learning concepts and means, resource manager, tutor and adviser, specialist in the diagnosis and treatment of learning difficulties, has been finding in information technology a strong stimulus for bringing this change about. Not foreign to this have been training activities in the use of information technology firmly based on teaching strategies aimed at encouraging an in‑depth reflection on education and at creating an environment to stimulate self‑training, where teachers develop projective guidelines for the use of information technology in education and adapt it to their own experience and intuition.

3. It will not be excessive to highlight the decisive importance given to pedagogical research. Faced with the evidence that the prosperity of nations and their capacity to compete in a world economy of growing change and complexity depends increasingly on the knowledge, culture, professional competence and initiative of their agents at all levels and lies, not only with a minority of specialists and decision‑makers, pressures on education systems are continuously rising. As societies react to these pressures, giving greater responsibility and greater resources to education, the non‑systematic and informal approaches of the past become inadequate. Research in education directed to educational technology, and research into the evaluation of educational processes thus become essential elements in the field of information technology use in education. Research into the evaluation of the educational processes enables us to qualify the merit and benefits of the options tested and to develop sensitive and flexible instruments to direct and stimulate their progress and also to assist in decision‑taking. In spite of the justified value given to some forms of quantitative evaluation, the complexity of the many aspects to be assessed and the slowness in gathering data suggest a concentration of efforts in the search for adequate qualitative methods.

Anexo 5.

A Statement on the Minerva Project

Luis Valadares Tavares

1. OBJECTIVES

Since its beginning in 1985 the Minerva Project has developed as an innovation project in the field of Information and Communication Technology.

The Educational Reform Act and the increased levels of investment in education (partly provided through the European Union ‑ Prodep) from 1988 onwards avoided the project having but a local impact and allowed it to develop a significant coverage of the educational system across a diversity of activities.

The activities have been developed with the following seven objectives:

A to modernise the technological "climate" of schools, providing equipment, software and human resources in the field of Information and Communication Technology;

B to introduce Information Technology as an educational tool at the service of both sides in the learning process;

C to create enthusiasm among teachers through on‑the-job training and research;

D to stimulate interest in computer sciences with teachers and students through training and practical activities;

E to boost communication technologies to open up schools to the outside world and to promote interchange between schools;

F to negotiate the acquisition of high quality software products already developed in other countries as well as the promotion and development of educational software and supporting activities for he use of data processing in teaching;

G to support specific teaching research and publishing projects that give particular emphasis to the introduction of Information and Communication Technology in schools.

2. STRATEGIES

The attainment of these objectives was pursued along five main strategic lines:

A) to gain as much as possible the involvement of the local population.

This was sought and can be seen to have been achieved in the wide participation of town and parish councils, companies and youth organisations in the activities of the project.

Although it was feared that the limited size of the country would make it difficult to attain high quality standards in educational software competitions for example, I believe that the levels actually attained prove those fears to have been unfounded.

In fact, some of the best results of the Minerva Project were produced outside of the project's official structure (e.g. DINAMIX; Software).

B) to base the nodes of the network of centres for the school enhancement effort in higher education institutions.

In reality, most of the training and research effort resulted from this major transfer of know‑how; a process which in my opinion also greatly benefited the nodes themselves.

C) to use computing science to promote close ties between schools and real life, namely through joint activities and professional training (e.g. the action line "Computer Science for Working Life, IVA");

D) to maintain a healthy balance between planned activities, ME initiatives and proposals arising from the participants themselves (competitions, specialised developments, etc.).This approach required change on the part of the Administration, which benefited both the project and the structures of the Ministry.

E) by seeking "to transfer" progressively the powers of central administration to regional bodies better fitted for local implementation and follow‑up, to the extent that the regional structures gain organisational and technical capacities of their own.

This strategic line only comes clearly into effect after the Ministry of Education embarks on a policy of regional devolution and establishes Regional Education Directorates in 1990/1991.

3. CONDITIONS AND RESULTS

In the report "Information Technology in Education: Portugal" published by the European Union Commission, the main results attained between 1988 and 1992 are clearly set out.

I believe that any type of cost efficiency analysis (e.g., equipment cost per school, hourly support costs or training per specialist, cost per item of software developed, etc.) shows efficiency levels above those normally seen inside Portugal or in most of the countries of the European Union.

I think this performance was greatly due to the high level of enthusiasm and motivation generally shown by the participants in the Minerva Project; a factor possibly not unconnected with their low average age.

The high rate of success in computer development in fields such as philosophy and "Computer Science for Working Life, IVA" activities and the levels of interest, flexibility of approach and openness of teachers in Pre‑school Education and in basic and Secondary education were far above those forecast.

However, the general difficulties faced in many schools limited the knock‑on effects of the project and often created a negative image of an elite corps with special privileges.

The scarcity of integrated development projects for schools and their personnel did not facilitate the integration of the MINERVA Project into the day to day running of the schools.

I believe that the international scientific community considers that the success of an innovation project, particularly if it is nation‑wide is dependent on the continuity of, and coherence of the policies and guidelines adopted. I had the pleasure and honour of being the national co‑ordinator of the MINERVA Project over two periods, which in the life of the Portuguese education system were both politically and organisationally very different: 1988‑91 and 1991‑93.

While in the first period the same governamental management team was maintained in the area of Education, the 1991‑93 period saw three ministerial teams with very different styles and specific guidelines in respect to the MINERVA Project.

I believe the analysis of the MINERVA Project in these two stages confirms the principle previously stated.
Antonio Dias de Figueiredo

1. What fundamental strategic options have been taken when launching the MINERVA Project?

The main objective of the Project has been to introduce the use of information technologies in educational practice and in the curriculum of the various disciplines, while simultaneously promoting the development of teachers and teacher trainers to carry out this task.

To reach this objective, the following strategic options have been taken:

–To consider the introduction of information technologies in education as a project driven by educational objectives, rather than by technological objectives, so as to stimulate a permanent reasoning about the pedagogical act and contribute to the renewal of primary and secondary education in all the components of their subsystem.

–To develop the Project in two phases: a pilot phase, with a length of 3 years; and a generalisation phase, with a length of 3 years (later changed to 4 years).

–To structure the pilot phase so as to:

— promote a learning process, by the whole system, so as to find, collectively, the most appropriate means for the future development of the Project;

— ensure the coverage of the whole country, trough the establishment of nodes that would launch the Project in the field and subsequently ensure the transaction of the Project to its generalisation phase;

Those strategic options decomposed, in turn, in a further set of options:

– decentralisation, both geographical and functional, at all levels of organisation, and subsequent attachment of high relevance to the initiative of the composing groups;

– gradual growth, centred in a dynamics of experimentation and reasoning about results, directed towards the growing assimilation by the teachers and by the different levels of education (primary and secondary);

— attachment of particular importance to the component of research and development, materialised in the role played by Universities and teacher Education Colleges;

– structuring of the Project so as to guarantee that, by the combination of the intervening entities, the process, while supported by high technological competence, could be kept stimulated and controlled by the educational objectives;

– to promote the dissemination of the Project internationally, namely within the European Communities, so as to grant the exchange of experiences with other educational systems and ensure a credibility capable of supporting the application to external funding.

2. What evaluation do you make of the activity carried out in the pilot phase of the Project, between 1985 e 1988?

The evaluation is positive. At the end of the three years that made up the pilot phase the Project was established in 22, nodes that covered almost the whole country. A very strong dynamics had been created in those nodes, which–if supported in political, financial and administrative terms–were well positioned to drive the subsequent transfer into the generalisation phase with a high level of initiative and competence.

The direct involvement of Universities and Teacher Training Colleges had granted a level of scientific competence to support the Project that was acknowledged as quite unusual at international level. In October 1988 almost four dozens of Ph.D.s., about three dozens of M.Sc.s., and a couple of hundreds of graduates in a broad range of subject areas were members of the MINERVA teams engaged in research, development, and action/ research, many of them within projects funded by the European Commission.

As far as results in the field were concerned, big differences could be noticed across the country. In many nodes the activities were mainly directed towards teacher development, and direct application in the classroom, with wide involvement of the pupils, was still considerably late. In other nodes, on the contrary, the pupils had been involved from a very early stage, and teacher development was carried out within action/research activities that took place in the classroom.

The organisation of big national conferences, taking place annually, stimulated an intensive exchange of experiences and views, thus contributing to the gradual softening of the differences between the various nodes, by mechanisms of healthy confrontation between approaches and experiences, rather than by bureaucratic means.

On the other hand, a high degree of credibility has been achieved, both nationally and internationally, so as to support the aims of project expansion, namely regarding the application to a large funding programme, PRODEP, that was prepared during the pilot phase.

3. Why did you feel the need to change the form of coordination of the Project from October 1988?

The transition from the pilot phase to the generalisation phase required a high degree of political support from the Ministry of Education and a logistic infrastructure capable of responding to the significant change in the dimension of the Project.

As the project had been coordinated at the distance, from Coimbra, one could feel, at the Secretary of State, a lack of involvement that did not grant the appropriate degree of political support nor the recognition of the need to cover the costs of an increased logistic infrastructure. The convenience of this enlarged infrastructure was, in any case, quite doubtful, since the aim was to make sure that the process would gradually be absorbed, in administrative terms, by the standard infrastructures of the Ministry of Education.

On the other hand, the National Coordinator, as a professor at the University of Coimbra, was feeling that the decrease of his involvement in the activities of his own research group at the University of Coimbra was having adverse effects upon the dynamics of the group, at a stage where the application to large funding opportunities for research projects required his full time dedication to his Group of Informatics and Systems at the University of Coimbra.

Thus, the transfer of the coordination of the Project to the Ministry of Education itself sounded as the ideal solution. By taking full ownership of the project, the Ministry of Education would have increased reasons to support it politically. On the other hand, there would be no need of setting up new infrastructures, since the conventional ones at the Ministry of Education were fully prepared to integrate an initiative that was gradually loosing its experimental drive and becoming institutionalised.

� The official creation of the MINERVA Project dates from October 31st, 1985, following publication of Ministerial Order 206/ ME/85 signed by the Minister, Professor João de Deus Pinheiro (see Annex 1 ). In fact it had already started in July of that year.


� These reports may be consulted at the DEPGEF Document Centre. This work, however, is not based exclusively on the reports from the nodes, insofar as they have a very variable structure and depth (some do not even refer to certain points) and give only their own views of the project. In many cases, it becomes difficult to understand what activities were undertaken at school level.


� Among which, the Ministerial Orders which framed the project development, Ministry of Education publications about IT and the report of Prof. Luís Valadares Tavares (see Annexes 1, 4 e 5).


� João Pedro da Ponte was the coordinator of the node of the Department of Education, Faculty of Sciences, University of Lisbon from the project start-up until July, 1991. José Tomás Patrocínio joined the GEP node during the project's first phase and, after 1989, held the post of Executive Coordinator. Maria Alzira Cabral belonged to the GEP node until it was wound up in 1992. After that, she was a member of the coordination team.


� This is a proposal drawn up in the Bureau of the Assistant Secretary of State of Education. See J. Silva Carmona “Proposta pare a Introdução das Novas Tecnologias no Sistema Educativo", Lisbon, GEP, April, 1985.


� This project, of an action research character. specifically covers the 1st and 2nd cycles of basic education. It produced two activity reports, one for 1985/86 and the other for 1986/87 in which a description is given of the scope, aims, methods and results of the experience.


� Result of an agreement between the University of Coimbra and the Secretary of State for Telecommunications.


� Act 46/86, of October 14th.


� The detailed explanation of the aims of the pilot-phase, as well as of the operational phase which followed is given in the Minho node report, p. 3-5.


� The term "centre" is little used in this report because it concerned a structure  which only temporaily existed during the first phase of the project. In practice, all centres began to function as nodes. The creation of the centres marked a certain hesitation as to the organisational structure of the project  which was soon overtaken by the creation of a non-hierarchical network system, coordinated by GEP.


� See Minho University node report, p. 3.


� Particularly for those of the Southern Area of the country.


� Among the teachers, this is known as "release time". Technically, it is a release time from teaching to devote to other activities within the scope of the project.


� The way in which these reports were imposed on the nodes and their bad design gave rise to a generalised wave of protest in relation to what was felt to be the red-tape of the project. In fact, a system of data gathering was essential for the coordination team to get an overall understanding of the project. But the system of reports adopted proved to be unable to fulfill this aim and the way in which it was imposed - with no dialogue or prior discussion - could only be badly accepted by the nodes


� The expression CIT was adopted by a great number of nodes. However, in their reports, some nodes  continued to talk only about information technology (IT), new information technology (NIT) or simply new technology (NT). Others used IT, NT or CIT indifferently. The inclusion of Communications in MINERVA never gave rise to a serious discussion about the issue. Since there is no really important distinction between the way the nodes use the terms, in this report "information technology" (IT) will be used. It corresponds more closely to the original aims of the project.


� From its official name "Dinamização das Actividades das Escolas dos Ensinos Básico e Secundário Utilizando Meios Informáticos".


� This project, aimed at 12th grade pupils wanting to take an optional computer science subject, ran in 28 schools in the 1989/90, 1990/91 and 1991/92 academic years. About 300 teachers were trained and worked with about 6000 pupils. The core of the subject included MS-DOS and UNIX operative systems, word processing, electronic publishing, spread-sheets, data-bas, computer networks and electronic mailing.


� The question of MlNERVA's future was the main worry of all those taking part in the discussion which followed the address of Prof. Luis Valadares Tavares, national coordinator of the project


� See "Depoimento sobre o Projecto MINERVA" by Prof. Luis Valadares Tavares, for a view of the main aims during the second period of the project.


� This situation not only affected MINERVA, but also other projects such as the PIPSE (Interministerial Programme for Success in Education) and the central services of the Ministry itself.


� This orientation, focused on the vocational aspect of learning and on the provision of equipment, represents a way of IT introduction according to the ideas existing in the pre 1985 period. It is clearly a big step backwards.


� Continuing teacher training programme, funded  by the European Social Fund.


� FORJA installed a network of 15 computers in 44 schools and provided the training of the respective teacher


� The pressure for teachers to choose training provided by FOCO arose from the need for credit points imposed by the Teaching Career Act.


� Teachers began to need credits and tried to find training from anyone who could provide it. So several nodes started training activities within the FOCO framework - See, for example, the Lisbon ESE reports, p. 15, the FMH-UTL report, p. 21 and the Algarve, Minho and Oporto University reports, pages 9,13 and 40, respectively.


� See, for example the reports from node of the ESE’s of BEJA, p. 16-17, Castelo Branco, p. 20-21, Santarém, p. 3 and Setúbal, p. 14.


� See, for example, the reports of the nodes of the ESE’s of Beja, p. 16-17, and Castelo Branco, p. 19, the University of the Algarve, p. 5 and 12 and Coimbra University, p. 2.


� The unclear definition as to the future of the project was strongly felt by the nodes, as can be seen for example in the reports from the Beja ESE. p. 16, Bragança ESE. p 25 and Coimbra University, p.8


� See "Depoimento Sobre o Projecto MINERVA" by Prof. Luis Valadares Tavares for which, at a political level, influenced this phase of the project.


� Clearly different in this point from many other foreign was favoured.


� Nevertheless, a decision to the contrary was taken by the Ministry of Education with the creation of the subject "Introduction to Information Technology in some areas of the new curriculum  in secondary education.


� Unless implicitly and non-assumed, and  only in the final period of the project.


� As can be seen by examining the node reports - see, for example, the Setúbal report, p. 2


� The idea of using the computer as a tool appears in the reports of a significant number of MINERVA nodes. See. for example, the reports from the nodes in the Universities of Algarve, p. 3, Beira Interior, p. 8, Coimbra, p . 4, Évora , p . 28, Trás-os-Montes e Alto Douro, p. 1 0,  from the Guarda  IP, p . 1 6 and from the ESE of Santarém, p. 2, Setúbal, p. 2, 4-5, 21 and 23 and Viseu p. 10. This idea is also highlighted in “Proposta Global de Reforma” of the Education  Reform Committee, Lisbon, GEP, July, 1988, p. 173.


� As seen below in greater detail, referring to school activity.


� p 5


� Education Reform Committee, "Proposta Geral de Reforma", p. 173


� Particularly in his book "Mindstorms: Children, Computers and Powerful Ideas", New York, Basic Books.


� See the reports from the nodes in the Universities of Aveiro, p. 3, Minho, p 9 and the ESE of Setúbal, p. 1. See also "Proposta Global de Reforma" of the Education Reform Committee.


� Under the terms of Ministerial Order 206/ME/85, the coordination committee was composed of the executive committee and the node directors. But the node directors only once met with the other members of this committee.


� The problem of budget-allocation was never fully solved. The efforts of Prof. António Dias de Figueiredo to find a satisfactory calculation method were always thwarted.


� The absence of senior staff from the Ministry of Education from all the national meetings to do with the Project is significant. The same is true to Edite 87, an international seminar on information technology for political decision-makers of the various European Union countries, organised by the Coimbra University node.


� GEP edition, June, 1988.


� "Novas Tecnologias no Ensino e na Educação", p. 65.


� Idem, p. 66.


� "Proposta Global de Reforma", GEP, July, 1988.


� See Ministerial Order 52/ME/88.


� While the first were very dynamic, the second hardly got off the ground.


� Up until June, 1994, there were five software competitions rewarding sixty submissions and two material competitions rewarding eight submissions. The works submitted were judged by ad hoc jury members of specialists from different subject areas.


� Agreements were entered into with several bodies. Among them were the Work Group for the Portuguese Discoveries Celebrations of the Ministry of Education and the Portuguese Society of Physics. Also Licensed was the WinLogo use and adaptation to the Portuguese environment. and Think Sheet an english software to support writing. The EPES project was also supported by the node of FCT-UNL


�  54 software pieces and 13 books of support for the educational use of IT were published up until the end of  June, 1994


� Namely support for events such as the LOGO week, jointly organised by several nodes and other initiatives organised by groups such as the Portuguese Association for Computer Science in Education, the Foundation for the Diffusion of New Information Technology, the Association of Mathematics Teachers, the Association of Biology and Geology Teachers, the Association of History Teachers, among many others.


� Not one node report refers to this project or to its predecessor, the IVA.


� Some of this activity is mentioned in report of the node of DEFCUL, p. 69-71 and in the Setúbal ESE report p. 18.


� The node of DEFCUL was directly involved in the creation of the nodes of ESEs of Portalegre. Lisbon, Setúbal, and Castelo Branco and of the Lisbon University Faculty of Psychology and Education Science At various phases it also helped the nodes of GEP, the University of the Algarve, the ESEs of Bragança and Santarém and the Guarda IP.


� See report of the node of Guarda, p. 3.


� Especially Amstrad, JCL, Philips, Olivetti, Schneider, Unisys.


� Published initially by the Minho node and quickly followed by other nodes. This system was known as "the poor man's Macintosh".


� Such is dearly the position of the node of  DEFCUL


� Report of the node of the Beja ESE, p. 16.


�The Setúbal ESE node distinguished four phases in school support and follow�up:


�1988/89, centralised training (few schools, enough resources, "systematic and almost familiar follow�up"),


� 1989/90, decentralised training (setting up the CAL's and introducing the aspect of autonomous use of equipment and premises by the teachers),


�1990/91 and 1991/92, decrease of support in general (which resulted forms of organisation),


   � 1992/93, reduction of the node team and  the number of school teachers linked to the Project. Other nodes                                                      showed a similar evolution.


� For the variety and  quality of materials produced the following nodes must be mentioned: GEP, Oporto IP, Setúbal ESE, Lisbon ESE, Faro ESE, DEFCUL, FCT�UNL.


� Such as the "Boletim Inter�Polos", already mentioned, aimed at Primary Education and the "Forum  MINERVA" produced  by  the FCT�UNL  node.


� Other important events concerning work with LOGO language are the translation of WinLogo and the publication of the books: "Guia de Exploração do LogoWriter" (Almada, Gávea Recursos Educativos, 1990), by Margarida Junqueira and Sérgio Valente, teacher associated to the FCT�UNL node, "A Aventura da Tartaruga Minúscula, Um Projecto de Trabalho com Utilização do Computador, 1º Ciclo do Ensino Básico", (GEP � Educação, April, 1990), by Cristina Ponte and Maria Alzira Cabral, GEP node teachers and “Azulejos, Um Projecto de Trabalho com a Linguagem LOGO" (GEP � Educação, March, 1992)by Fernanda  Capucho Salgueiro et al, GEP node teachers.


� See Coimbra node report, p. 6�8.


� As it is recognised by many other nodes � See, for example, the Setúbal ESE node report, p. 1.


� A detailed description of the activities and working philosophy of this node is found in the respective report.


� For example, this node organised training for many local authorities and encouraged  local authorities and many large and small firms to support PRODEP tenders.


� See the MINERVA  Project Minho node report for a detailed description of its activities and performances.


� Unfortunately, it was not possible to consult the MINERVA  Project FCT�UNL node report.


� See MINERVA  Project  Évora node report, p. 31�33.


� Puzzle, JornalHist and a support programme for form head�teachers.


� The best known of which is, no doubt, the "Trinca�Espinhas" about the divisor concept.


� For this node, "the use of electronic mail has enabled to enlarge inter�school educational projects and to create a wider educational community" (see report, p. 34).


� Bulletin Board System, one of the most common ways of providing contact between many users of a telematic service.


� Minho University node report, p.36�37.


� Unfortunately, as already mentioned, it was not possible to consult this node's report. Therefore, the statements made  here result from what it was possible to read in the reports from the other nodes.


� In which are included many schools linked to other nodes–for example, 24 belong to the Minho University node.


� Information gathered from the reports of the Lisbon ESE node, p. 17 and the Minho University node, p. 35-37. According to the latter, the MINERVA  BBS does not allow word accentuation as yet.


� Lisbon ESE node report, p. 17.


� According to the Lisbon ESE node report: "On the whole, the technical problems–defective telephone lines, poor quality modems and broken computers � were too frequent. They made  the work difficult which otherwise could have been more constant (P.18).


� Lisbon ESE node report, p. 16.


� Data from the summary report of the FMH�UTL node activities (1987�1993).


� See Oporto University node report, p. 4


� A more detailed assessment can be made by consulting the publications edited by the various nodes Unfortunately, their reports do not contain much information about work carried out in this field.


� 26 See Minho node report, p. 29�31 and Lisbon ESE node report, p. 21�24.


� Namely by the following nodes: DEFCUL, FCT�UNL, FMH�UTL. Lisbon Faculty of Psychology and Sciences of Education, Lisbon ESE and Viana ESE.


� See node reports, University of Aveiro, p. 41�42 and Coimbra, p. 7�8


� And also some Specialised Higher Study Diplomas (DESE), such as DESE  in New Information Technology created by the Guarda   IP node (see node report, p.18�19).


� Some nodes  do not mention their research activities in their reports. Others, such as the Viseu node (p.23.24) list software development as a research activity. Others again, such as the Beira Interior University node specifically state that this is not one of their fields of interest (see report, p. 7).


� For instance, the Évora node collaborated for a long time in the "Boletim da Câmara Municipal" as well as in the bulletin of the "Grupo de História e Filosofia da  Ciência". It worked actively with the Évora Museum and provided training opportunities" for staff and pupils of  various institutions, such as the Escola Profissional Bento de Jesus Caraça the UNESUL � the Southern University � Company Association, the Public Library and the Alentejo Regional Education Authorities, (see respective report).


� The idea of setting up the CAL's arose in the Minho node in 1989. lt was sponsored by the then Executive Coordinator of the Project, Drª Maria do Carmo Clímaco and rapidly put into pratical use by several nodes.


� Setúbal ESE node report.


� In some cases, the CAL's took part in "pupil training" who became their “privileged users", as mentioned in the Beja  ESE  node  report, p. 9.


� Setúbal ESE node report.


� As would later proliferate within the FOCO programme, in all fields, especially in relation to IT.


� See DEFCUL  node  report, p. 21


� See Beja  ESE  node  report p. 14.


� Some CAL even operated without seconded teachers. The conditions were very precarious, as can be seen in the Beja ESE report. It must be remembered that two seconded teachers would not be very much minimum of team work.


� Setúbal ESE node report.


� See Oporto University node report.


� Beja ESE node report, p. 3


� "Almost familiar" is the expression used in the Setúbal ESE report (p. 24).


� This document was drawn up  in April, 1990, by a committee of representatives from various nodes. Its importance was explicitly recognised in the reports from the following nodes: Lisbon ESE, p. 42, Setúbal ESE  p.22, University of Aveiro, p. S.


� For example, Aveiro, p. 5


� Lisbon ESE, p. 45


� A typical case was the Oporto IP node, which turned out to be one of MlNERVA's most dynamic.


� A feeling which is clear in the reports from various nodes. See, for example, the Setúbal ESE node report, p. 1 and the University of Évora node report, p. 8.


� In some cases, the introduction of lT into pre�service training programmes greatly depended on the performance of the MINERVA seconded teachers. This was the case, for instance, in the Beja ESE (see respective node report, p. 11) and in the University of Évora (idem, p. 36). In other cases, it was extended to other courses � as mentioned by the Bragança ESE node (report, p. 22�23)–which guaranteed the teaching of introduction to computers and programming language to students on course of Computer Science, Management and Accounting and Administration of other schools of the respective polytechnic. The collaboration of Aveiro University node in the master’s course of supervision, teaching Physics and Chemistry and Educational Technology, included Computer Science in Teaching and Computer Assisted intelligent Teaching.


� The different policies of the nodes,  as well as the different lengths of time linking the schools to the project (minimum 3 years, maximum 9) means that this point has to be read bearing in mind those schools linked to the project for a long time.


� At times, it was mainly the interest of one teacher. Most nodes, however, required the application to be made by a team of teachers and for schools with 2nd and  3rd cycles or secondary education, they required this team to be formed by teachers from different subject areas. They considered that the crossing of different sensitivities and knowledge could favour the development of interdisciplinary projects. The priority given to permanent teachers sought to ensure some stability in the teams � but this could not always he respected, particularly in the inland areas of the country. Particular effort was made not to link the project to a single teacher or to a single subject area, but rather to stress that it was equally important to all subject areas, thus favouring its complete integration into the school.


On the other hand, some nodes made the initial contact, with a view to the school's integration, only with the school's governing bodies. The inconvenient of this approach was that, once involved in the project, these schools found it extremely Difficult to find teachers who were really interested, motivated and ready to carry out the respective e activities. (See Santarém ESE report, p. 9).


It is curious to see the terminology used to describe the teachers making up the teams. Most nodes refer to them as participating teachers. For some nodes, those teachers linked to the MINERVA  Project took on a management role of the respective CEM and for the training and support for their colleagues. They were called teacher coordinators, as in the cases of DEFCUL (see report p. 7 and 11), Coimbra University (idem, p. 1) and Évora University (idem, 'p. 7). In other cases, they were viewed above all as "providers" of the proposals coming from the nodes and were known as "cooperating teachers" (see, for example, the Algarve University node report, p. 2 and the Beja ESE node report, p. 2).


� See, for example, the Oporto IP node report, p. 4.


�The successful experiments conducted in these conditions supposed the existence of alternative spaces in the school where the pupils were fully at ease in working with the computers. Obviously these experiments also required a deep  re�thinking of conducting a class. � See Paulo Abrantes, "O Trabalho de Projecto e a Relação dos Alunos com a Matemática: A Experiência do Projecto MAT789" (PhD thesis), Lisbon, DEFCUL, 1994.


� The name of this area varies from node to node: computer science nucleus, computer science school centre, MINERVA school centre, resource centre, computer resource centre. This report will use the name MINERVA school centre (CEM), adopted, after a time, by a good number of nodes.


� In spite of these somewhat discouraging conditions, there were nodes which always had a long waiting list of schools wanting to join the project. If they could not join in a particular year (because the node did not have enough money), they remained as "observers" and waited to join in the following year.


� Some nodes considered that the time given to teachers should also be used for their training. Others considered that training w as a normal activity for all teachers, whether included in the MINERVA Project or not, and so this time was essentially devoted to develop activities with the pupils or to raise awareness in and help other teachers. It could be asked whether the decision to count the training time (and mainly the self�training fume) in the release time did not contribute in many cases for teachers not to have shown, as could have been expected, an open attitude and one of service towards the remaining school population of their schools.


In the third period of the project, the release time was reduced to 5 hours per school and this made it difficult for many CEM to work correctly.


� The evolution of this process can be seen in the chart on the number of schools in Annex 3.


� See the respective node reports.


� See, for example, the Guarda  IP  node report, p. 10�11.


� One  very good case of obtaining equipment was mentioned in the Santarém ESE node report. p s


� See, for example, the reports from different nodes, such as from the Universities of the Minho. p .15, Évora, p. 13, Beira Interior. p. 3-4 the ESE's of Castelo Branco. p. 20�21. Santarém,, p.1. and Setúbal. p. 32. Some nodes made  additional equipment available for a school to carry out a specific project. Once the project was completed the equipment  very often went back to the node � see, for example, the Minho University node report, p. 15


� See, Guarda   IP node  report, p. 15�16 and the Oporto IP node report, p.4.


� Guarda   IP  node report, p. 15


� See  João Filipe Matos: "A Natureza do Ambiente de Aprendizagem Criado com a Utilização da Linguagem LOGO no Ensino Primário e as suas Implicações na Construção do Conceito Variável" (work presented for APCC tests), Lisbon, DEFCUL, 1987.


� Guarda   IP  node  report, p. 16.


� Idem


� Namely by the GEP and  DEFCUL nodes.


� See Cecília Bento: "Centro de Recursos" (master's thesis), Lisbon, DEFCUL, 1992.


� Guarda   IP  node  report, p. 17


� The Beja ESE node report, p. 13, for example, speaks of the "missionary spirit" of many teachers on the Project.


� Beja ESE  node report, p. 8


� See node reports.


� Oporto IP node   report, p. 4


� DEFCUL  node  report, p. 34�46


� Bragança  ESE  node  report, p. 23


� The preceedings of this meeting certainly give a good panorama of the work done  in this area up until that time.


� According to the  Aveiro node, the subjects with the greatest number of uses were: “Mathematics (12), Biology (10), History, Physics and Chemistry (8) and  French, (see respective report, p 2l; see also Beja ESE node  report, p.9).


� See, for example, the reports from Beja ESE, p. 3, Bragança ESE, p. 3, Évora University p. 5, and Minho University, p. 12).


� See node reports.


� Mainly Timex computers.


� See, for example. Carlos Afonso: "A Utilização dos Centers Escolares MINERVA pelos Professores de Inglês: Problemas e Perspectivas" (Master's thesis at Universidade Nova de Lisboa), 1992.


� J p. Ponte Conference. entitled: "As Novas Tecnologias numa Escola em Mudança''.


� Namely. Cap Verde and Angola.


� In opposition to a specific indication in point 8 of the Ministerial Order which created the project.


� As for the activity carried out, we can speak of two MINERVAS: that of the application of the "methodologies of computer science" to be finalised through the development of educational software and that of the "teacher movement", based on a vision of renewal of educational practices through project work which enhanced the use of the computer as a tool. We could even speak of the "educational research" MINERVA and of the "administrative" MINERVA, of the tenders and international cooperation, although with far less importance.


� This was an important success factor of MINERVA's first phase, but which later turned out to be a serious handicap. Not favouring its integration in the education policy, it finally led to an unwarranted and undesirable marginalisation of the Project which became perfectly clear when the new programmes for the various subjects were prepared.


� See the Évora University node report which uses the term "melting pot" to describe the wide range of interaction between the teachers from the different teaching levels.


� See Ministerial Order 206/ME/85


� An idea supported by many of the nodes but later opposed at secondary education level with the emergence of the subject: ''Introduction to information Technology" in the new study plans of the reform.


� See Bragança ESE node report, p. 24.


� Here we can mention “The Portuguese History and Computer Science Association", "The Educational Telematics Association" and "The Portuguese Computers and Languages Association".


� Such as the Associations of Teachers of Biology and Geology. Geography and Mathematics, as well as the Portuguese Physics Society.


� See A. D. Stoleroff and S. Stoer "Educação, Trabalho e Estado: Questões Preliminares sobre a Introdução das Novas Tecnologias em Portugal", ("Informa", No 1, p. 15�23. 1989); and also S. Stoer, A.D. Stoleroff and J.A. Correia: "O Novo Vocacionalismo na Política Educativa em Portugal e a Reconstituição da Lógica da Acumulação", ("Revista Crítica de Ciências Sociais", Nº 29, p. 11�53, 1990).


� J.A. Correia, "Escola, Novas Tecnologias e Mercado de Trabalho em Portugal" (Aprender, .Nº 11, p. 45�52 1990, p. 46).


� Unless arguing that because Portugal is a capitalist system country, everything that is done here always serves the internet of that system � which is as applicable to MINERVA as it is to all existing projects, such as PEPSE, VIDA, ECO and Environment Education, etc, and also applicable to all possible future projects! Basically, this is a very convenient argument to support a positron of non�intervention in the field.


� These types of problem are mentioned in 'Depoimento Sobre o Projecto MINERVA" by Prof. Luis Valadares Tavares. In a project of this nature, difficulties of integration in the schools are natural. The question is not knowing how to control them. However, most nod" make no mention of them in their reports. One major exception is the Lisbon ESE node report, pages 35 and 42.


� In our opinion, this was in fact a serious limitation to the Project. Nevertheless, all those who really wanted to approach this question, although aware of the problem, were not always aware of the real difficulties which the respective finalisation would impose on the teachers.


� The Aveiro University node report points in this direction when it says that, in view of the results achieved, "the introduction of CIT in schools was problematical" (p. 27). The Coimbra node speaks along the same lines when it points out that the use of CIT in educational contexts remained "somewhat below the desirable" (p.51.)


� The national meetings were more like show�places" for what each node had done rather than places for a real debate. Sector meetings were much better from this point of view. The LOGO week is a good example of this. Another strange thing was that very few documents were produced, whether official or working documents, by the coordinating bodies of the project, in any of the different periods.


� The IIE sent out a dozen titles acquired from a firm in the sector to hundreds of schools. These dealt with Mathematical and Scientific themes and were aimed above all at the 1st and 2nd cycles of basic education. These programs were very poor examples of the educational use of the computer.


� The need for educational research was already clearly recognised in "Proposta Global de Reforma" of the Education Reform Committee, p. 170.


� Lacks due to poor coordination and communication between nodes are indicated in various reports, such as those from the Lisbon ESE, p. 42 and from Minho University, p. 44.


� See Ministerial Order 206/ME/85.


� For example, the Minho node was interested in carrying out various small evaluation studies about its activities with the assistance of external evaluators (Minho node Report on the MINERVA Project, p. 43�46). Two master's theses presented by Ana Cristina Esgalhado (DEFCUL node) and by Carlos Afonso (Portalegre ESE node) also studied the project's activity in the field.


� p 175�177.


� Which in many aspects uses again the proposals presented by J.P. Ponte in the III National Meeting of the MINERVA Project, Bragança, 1992.


� A particularly interesting model is used in England and Wales, where IT is considered as a cross�curricular theme which is divided into five wide areas (communication, data handling, modeling, measuring, control and evaluation of the impact of Information Technology), with specific aims in four basic stages (See: W. Burke, "Information Technology in the 5 to 16 Curriculum,: A Cross Curricular Theme". In A McDougal & CDowling (Eds), "Computers in Education", North Holland: Elsevier, 1990).


� Such as the directive council members have, and those in charge of premises and also the group delegates for different subjects. In the future it may be necessary to have an education technology expert in the school to advise and organise in this matter. But at the present stage where the interest is to enhance above all pedagogical aspects and curricular  link, it is better to leave this role to teachers who carry on with their duties, in accumulation with this extra one.


� The yet superficial appropriation of  IT  by schools and the imperious need for "efficient support" for schools as a pre�requisite for its use is pointed out by various nodes. See, for example, the Oporto TP Report, p. 5 and the Setúbal ESE  Report, p. 28.


� The need to maintain a significant research activity is mentioned in several reports � see, for example, the Algarve University node report, p. 14.


� ETC, "Making Sense of the Future", Cambridge, Educational Technology Centre, 1988.


� The importance of ensuring research development in close link with the actors in this field is mentioned, for example, in the Oporto IP node report, p. 5


� S. Papert: "Computer Criticism versus Technocentric Thinking", Educational Researcher, Vol. 16, No 1, p. 2230, 1987.


� S. Feiman�Nemser and R. Floden, "The Cultures of Teaching . In M.C.Wittrock (Ed.), "Handbook of Research on Teaching", New York, MacMillan, 1986.


� Made up of such countries as the USA, France, Holland, the UK...


� The best is perhaps the Educational Innovation Institute.


� G.L. Baron, "Computers in Education: The Shape of Things to Come", Bulletin du Bureau International d'Education. Nº 250, p. 7�28,1989.


� p Duguet, "L'lnformatique a l'Ecole: Quel Role pour l'Université?" L'Observateur de OCDE, No 173, p. 2325, 199/92.


� G. Brownell, "Beyond Tomorrow: Schools Computers and the Next Century'', Journal of  Computers in Teacher Education, Vol. 6, Nº 4, p. 4�8,1990.


� "Novas Tecnologias no Ensino e na Educação", CRSE report, GEP, April, 1988.


� Minerva contribution to the national report on "Sociedade e Informação � Um Desafio para as Políticas de Educação", prepared for the 16th session of the Conference of the European Ministers of Education, of the Council of Europe (Istambul, 1989).


"Minerva Project" � report, December, 1987.


A. Dias de Figueiredo, "Considerations about Teacher Training and Joint Product Development, Research and Evaluation and Support Structures within a new European Programme for Technology Utilisation in Education ", report prepared at the request of the European Commission,  November, 1987.


A. Dias de Figueiredo, "A Framework for Research within a New European Programme for Technology Utilisation in Education", report prepared at the request of the European Commission, January, 1988.


� University Professor of  IST; General Director of the Ministry of Education's Office for Studies and Planning and National Co�ordinator of the MINERVA Project from 1988 to 1991 and from 1991 to 1992; Vice-President of OCDE Education Council from 1988 to 1991 and President from 1992 to 1993.


� University Professor of the University of Coimbra. Co�ordinator of the MINERVA Project from 1985 to 1988










