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Abstract

In the last few years, Portuguese education institutions developed a group of strategies intending to reduce failure and attrition in Mathematics, and to foster the Mathematics appeal: the Mathematics Action Program (Plano de Acção da Matemática, PAM). In this paper, we are focusing the PAM activities and consider its achievements and results in face of the Engineering Education needs. Our analysis contributes for the PAM appreciation, considering as key components: i) the coherence between the initial PAM program, activities achieved and final outputs; ii) the quality control of final outputs and deliverables. Finally, critical analysis is performed in terms of strong and weak points related to Engineering Education and considering the execution, the operationalization, and the conception of the PAM activities.
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1.
 Introduction

The increasing interest of Higher Education Institutions (HEI) about the Mathematics learns at the pre-university levels has been evident in recent years [1, 6, 12]. This is explained by the new Bologna-based higher education environment that favors student-centered learning approaches and problem-solving is thus becoming a pre-requisite in almost all the Engineering programs. To cope with this environment, adjustments and updates in Mathematics education are been appearing due to the wide support of Mathematics onto Engineering Education.

In the sequel of the results analysis of the Mathematics 9th grade examinations in 2005, the Portuguese Ministry of Education (ME) established the Mathematics Action Program (Plano de Acção da Matemática, PAM) in June of 2006. The PAM’s main objective [4] is improving the education of Mathematics and it is intended for public schools/schools’ groups with 2nd and 3rd cycles of Basic Education (first cycle: 6 to 9 years old, up to 4 education years; second cycle: 10 and 11 years old, up to 6 education years; and third cyle: 12 to 14 years old, up to 9 education years). It consists of the following six actions:

1. Mathematics Program: teams for success;

2. Promote continuous training in Mathematics for teachers of Secondary (15 to 17 years old, up to 12 education years) and all grades of Basic Education;

3. New requirements for initial teacher training and access to teaching;

4. Carry out a readjustment and the program specifications for Mathematics in all Basic Education;

5. Establish a database of educational resources for Mathematics; and
6. Undertake the assessment of Mathematics textbooks for Basic Education.
On the other side, Engineering Education should be directed to solve problems retrieved from complex situations, even from Master or PhD. themes, and adequately consider the possible and reasonable solutions. Competences related to problem-solving should be developed in the early stages of Engineering curricula, deepening further those competences through the presentation of complex problems, and considering a diffuse and uncertain framework. The point is to create the necessity on students to build strategies that could effectively address the problem and that can be systematically used when facing new problems. The approach considers mathematical basics and then to model the problem situation, to solve it numerically when the analytical approach is insufficient, and to state feasible solutions.
The Engineering students should know and apply basic sciences (Mathematics, Physics and Chemistry, among others) in a way to state and evaluate possible solutions for a problem situation. In this learning process, some issues arise:

· several difficulties in basic sciences, also revealed by pre-university students; 

· relative marginalization of the basic sciences’ courses in the Engineering programs; 

· lack of competences on problem-solving, .e.g., when multiple steps are needed; 

· non-effectiveness on reasoning, on constructing strategies, in applying and relating concepts of different fields and even in decision making. 

Interviews and questionnaires are applied in many others subjects and contexts, and their use in this study is supported in the lack of official documentation concerning PAM results and impacts. Such documentation is critical and necessary to the external assessment of the PAM measures. A set of interviews/questionnaires are thus conducted to Mathematics teachers, to complement the appreciation of documentation collected from the PAM National Committee, from schools or from several master thesis [2,8,11]. The responses to our inquiries regarding the appreciation of PAM and the origin of its issues are synoptically presented and discussed.

Based on the collected documentation and its analysis, our qualitative approach is directed to Engineering Education needs and is aiming the following three activity-based subjects: i) the execution, targeting the impact of activities; ii) the operationalization, appreciating the execution and management models; and iii) the conception, corresponding to the coherence and pertinence of PAM purposes.

The structure of the paper considers: in Section 2, PAM and its main measures are presented; in Section 3, PAM main activities are described and their results are analyzed; in Section 4, PAM strong and weak points in relation to Engineering Education are addressed. Finally, in Section 5, the main conclusions are presented.

2.
 The PAM and Engineering Education needs
We focus PAM key actions and its 15 measures are summarized [4]. Then, we address the Engineering Education needs [6] to back the following text and to provide links between the two subjects.
2.1
PAM overview
The first action aiming learning for success consists of the five measures that are to describe:

· Measure 1: Development of school plans to combat failure in Mathematics. Each School / Schools’ Group analyzed students’ results and proposed a set of measures that are deemed appropriate so that those results improve at the end of the cycle. 

· Measure 2: Pedagogic continuity of the teams of teachers in schools, who accompanied the students throughout the cycle. 

· Measure 3: Development of joint work projects among Mathematics and Portuguese teachers

· Measure 4: To Equip Schools with Mathematics Laboratory, through funding to acquisition of manipulative materials, computer facilities, specific software and of support for the organization of such activities in schools. 

· Measure 5: Designation, by the ME, of a privileged interlocutor, among the set of supervisors of the Office of Educational Assessment at the Ministry of Education (Gabinete de Avaliação Educacional, GAVE), to accompany the project and to establish liaison with each school involved. 

The second action targeting continuous training consists of Measures 6 to 8.

· Measure 6: Continuation of the Continuous Training Education Program for Teachers of Mathematics in the 1st cycle, jointly with HEI.
· Measure 7: Launching a Continuous Training Education Program for Teachers of Mathematics in the 2nd cycle, also in conjunction with HEI at district level. 
· Measure 8: Support for Continuous Training Education Programs in Mathematics for teachers of 3rd cycle and Secondary levels. 
The third action focuses on initial teacher training and boils down to Measure 9.
· Measure 9: Review of initial training conditions and of access to teaching, to ensure a strengthening of the specialty knowledge of teaching in study plans and suppress shortfalls that are diagnosed in the Mathematics field.

The fourth action aims the Mathematics curricula and consists of the next two measures.
· Measure 10: Readjustment of Mathematics Programs currently in force for the three basic cycles, by adopting the National Curriculum for Basic Education (NCBE) as reference.

· Measure 11: For the 1st cycle, definition of minimum times for teaching the various curriculum areas, guarantying a period of time for teaching Mathematics compatible with the programs full implementation and with the skills acquisition defined by NCBE.

In fifth action are aimed educational resources as described in Measures 12-14.
· Measure 12: Collection and dissemination of 1000 examination items for the 9th grade exam and working suggestions in GAVE webpage, in order that teachers and students gain greater familiarity with the type of exercises proposed.

· Measure 13: To provide a portal of educational resources for Mathematics.

· Measure 14: Publication of brochures of educational and scientific support for teachers of the various cycles of Basic Education.

Finally, the sixth action boils down to Measure 15.

· Measure 15: Evaluation of Mathematics Basic levels textbooks, from 1st to 9th grade, by national and international experts invited by the ME.

Approximately 1070 schools participated in this plan, preparing and presenting projects with various strategies in order to provide diverse learning experiences for students. For example, increasing the time devoted to work in Mathematics through the use of teaching-hours allocated to Assisted Study and Project Area, the use of school credits in teaching-hours to create teacher teams to work in the classroom and to support students, both individually and in small groups.

2.2
Engineering Education needs
The Engineering Education aims at scientific and speculative spirit, by educating and training the students for Engineering fields, by promoting scientific or applied research, by considering a global or European environment, all in closer communication with the community. In the 1st Cycle of Bologna programs (Graduation), the main objectives are related to competences and knowledge of professional Engineering applications, and assessing and reasoning in an autonomous form that could be used along the professional career. The learning process centered in the students implicitly involves problem-solving competences, where the students assume increasing responsibility, with improved motivation and with strategies built for reasoning in face of new problems that arise along all the life. Other key points are addressing resources utilization, tutorial monitoring, continuous supervision and evaluation.
Engineers deal with the science and economic basics in order to achieve the best solution of a problem. The needed competences to problem solving shall be developed from the initial education levels, and shall be deepened in Engineering programs. The needed competences are related to critically thinking, problem-solving, and decision making. The current goals are: to discuss and apply the methods to solve problems and questions that require multiple steps; to understand and use concepts/techniques from different science areas; and to build solving strategies. In the first year of Engineering programs, the lack of problem-solving processes is one serious issue, namely, when multiple and interrelated steps are required.

Many pre-university students had no training in the process of solving real problems. Usually, students are facing examinations and writing tests that present single step questions that focus the knowledge of single principles. When students need to take multi-step methods and they are facing a large set of information, then they do not know the method to choose. In contrast with the usual focus when they are trained to directly apply rules, formulas and basic operations, the pre-university students must use reasoning and construct strategies.

Engineering students need problem-solving basic skills that should be developed in pre-university levels, being then Engineering curricula supported by these skills. To aim those missing skills, some trends are thus claiming that problem-solving competences should be systematically addressed in the first year of Engineering programs.

In despite of the needed competences, the students enrolling Engineering programs are presenting less competence in basic sciences and in language functionalities. This contradiction leads to increasing attrition and failing rates in the Engineering programs. One approach that promotes the science basics, the achievement of problem solutions and the students’ motivation is the approach that integrates problem-based learning and Discrete Mathematics [3]. The perspective aiming to improve Discrete Mathematics topics in pre-university curricula (graph vertex-edge theory, combinatorial and counting methods, proof procedures, relations and algorithms) is requiring [3] two main kinds of attributes: i) necessary and interesting mathematical topics; ii) new strategies to motivate students for the Mathematics studies.

3.
PAM main activities

Our study contributes for the PAM appreciation, considering as key component the coherence between the initial PAM program, the activities achieved and the final outputs. We also focus the information quality related to the control of final outputs and deliverables.
Each School / Schools’ Group presented an annual report outlining the targets and the situation at the end of each academic year. GAVE appointed a Monitoring Committee to supervise the scientific and educational implementation of projects. Eighty accompanying teachers were selected through public tender by the Monitoring Committee. They performed the scientific and pedagogic monitoring of the school projects. Following is the PAM schedule [4].
· Academic year 2006-07: Schools prepared the projects to develop, the Monitoring Committee and the Accompanying Teaching Group were constituted, projects were approved and the protocols between each School and the ME were signed. A teaching-time credit was allocated to schools that have requested it and funds were provided too. It was also the beginning of project implementation in schools. There were monthly meetings between the accompanying teachers and the schools and continuous training was conducted within the scope of the accompanying teachers. Interim reports were also performed: in March, for all accompanying teachers and by the Monitoring Committee; at the end of the school year, for all involved schools, by accompanying teachers and by the Monitoring Committee.

· Academic year 2007-08: Schools reformulated projects, based on the conclusions made in the written reports. New credit teaching-hours were attributed to the schools that requested them and new funds were provided. The projects are still remaining to hold monthly meetings between accompanying teachers and the schools, to undertake continuous training and also to perform interim reports. Additionally, monthly meetings between the Monitoring Committee and the accompanying teachers were performed.

· Academic year 2008-09: Based on the conclusions in the written reports, adjustments to school projects were made. All the measures applied in the previous academic year continued to be implemented. Additionally, accompanying teachers and Monitoring Committee held the final reports, relating to all the schools involved.
In Table 1 a synopsis of the most frequent extracurricular activities performed by Schools / Schools’ Group is presented.
Table 1: Synopsis of extracurricular activities carried out under the scope of PAM

	Activity
	Synopsis

	Game of 24


	Mental arithmetic game invented by Robert Sun in 1988 and introduced in Portugal during the academic year 1997-98, has been assuming an increasing importance by pupils and teachers.

	Mathematics Olympiad
	Contest of math problems organized by the Portuguese Mathematics Society (SPM), being open to all students in the 2nd and 3rd cycles of Basic Education classes and High School.

	PmatE
	Teaching Mathematics Project of University of Aveiro; it emerged in 1989 in order to develop informatics tools and contents on various areas of knowledge.

	Math Kangaroo
	This international mathematical competition also came to change the concept that students have that Mathematics is difficult; the organization is from the University of Coimbra and SPM.

	Supported Study
	This curriculum, non disciplinary area aims to strengthen and develop core learning skills through strategies tailored to specific needs of each student.

	Strengthening Curriculum (Workshop).
	Strengthening curriculum of 45 minutes per week in Mathematics; this strategy aims to provide diversified learning experiences for students.

	
	


PAM evaluation is based on the results of the 9th grade examinations performed by the students from 2007 to 2009 and also on the annual reports prepared by the accompanying teachers in each school, as well as on the final reports of the Plan, relating to all involved schools, that the Monitoring Committee has done. The results of the assessments relating to the 9th grade exams are of public knowledge. About the remaining elements, no information was made public to date, being the disclosure expected by the end of the academic year of 2010-11.

Concerning the results of examinations of the 9th year: in 2007, fails are 72.2%, in 2008, this figure decreased to 44.9%. In 2009, the failing rate decreased to 36%.

According to the information released in April 2009 on the ME website [4], "the interim analysis that was made during the period of PAM implementation, allows us to realize the positive impact" of the plan, "both in terms of teaching practices and of the work among teachers". In the same period, the Government announced on the General Directorate of Innovation and Curriculum Development (Direção Geral de Inovação e de Desenvolvimento Curricular, DGICD) webpage that "this work will be continued, through the implementation of a new Plan for Mathematics, PAM II," extended to the three cycles of Basic Education, that "the generalization of the new Program of Mathematics for Basic Education will be launched in the next academic year, 2009-10" and that "the generalization is subject to application by the schools interested in implementing the program for 1st, 3rd, 5th and 7th years."
In a report about PAM, the Portuguese periodic Público at June 24, 2009 [10], stated that the DGCI-ME “(…) cited the outcome of the analysis made by the that accompany the continuous training of teachers, saying that the students of the teachers who benefited from this continuous training improved school results by about 25 per cent". The same report published the opinion of the President of the Portuguese Society of Mathematics saying that does not see value in those numbers, since "the type of exam changes every year" and "the Ministry refuses to disclose information to enable an external evaluation of PAM". reasoning plus, he said that “it is impossible" to predict which will be the impact of the fact that, starting from the next academic year, children from six years may benefit, simultaneously, from the implementation of the new program and of the promotion of projects under the PAM scope. "PAM is undoubtedly a good idea, but without an external evaluation it is impossible to answer", he concluded.

A synopsis with the results and the impact of the fifteen PAM measures is presented in Table 2. These results and impact were obtained from published documentation [4, 5, 7, 9, 10], several master thesis [2, 8, 11], and a set of interviews and questionnaires directed to teachers of the three cycles of Basic Education and from the Secondary level.
Table 2: Synopsis of the results and impact of PAM measures

	Measure
	Results and impact

	1) School plans to combat failure in Mathematics
	Well received by teaching staff through the support for a large number of activities and events, for projects and clubs, for study support; but impact on results is not clear.

	2) Pedagogic continuity of teachers in schools
	Very well received by Mathematics teachers, by allowing more stability in opposite to the older situation (application to schools every year)

	3) Development of joint work projects among Mathematics and Portuguese teachers
	Very well received from the teachers of both Departments

	4) To Equip Schools with Mathematics Laboratory
	 On of the most welcome measure, but  large number of schools are not equipped,; local issues potentiated or constrained the use of new equipments (and their impact)

	5) Designation of the accompanying teachers 
	Well received by teaching staff, but others accompanying measures can be improved

	6) Continuous Training for Teachers of Mathematics in the 1st cycle
	Well received by teaching staff, but the training actions appear to be in short number

	7) Continuous Training for Teachers of Mathematics in the 2nd cycle
	Well received by teaching staff, but the dissemination appear to be not significant

	8) Continuous Training in Mathematics for teachers of 3rd cycle and Secondary levels
	Well received by teaching staff, but the concerning accompanying measures may be improved

	9) Review of initial training conditions and access to teaching
	Ongoing measure but teachers’ perception is not clear, due to politics and economics “noise”

	10) Readjustment of Mathematics curricula for the three cycles of Basic Education
	Ongoing measure that is well received, but some transition and coordination issues arose

	11) Definition of minimum times for teaching Mathematics for the 1st cycle
	Well received, but some issues still remain between the available time and the required curricula

	12) Collection and dissemination of  examination items for the 9th grade exam and working suggestions 
	Well received and very useful for the objective at hand

	13) To provide a portal of educational resources for Mathematics
	Not very disseminated among the teachers, the teachers most effective in ICT often use other web-based resources

	14) Publication of brochures of educational and scientific support for teachers
	Not very disseminated among the teachers (ditto)

	15) Evaluation of Mathematics elementary school textbooks
	Ongoing measure where some transition and coordination issues arose

	
	


4.
 PAM appreciation

In this Section, we appreciate PAM strong and weak points in relation to Engineering Education, as well as the design and implementation of strategies to solve them. The PAM contribution to the consolidation and updating of the basics knowledge in Mathematics, so necessary to the future students of Engineering programs, is aimed. Ours targets are the following subjects: 

· the execution, targeting the impact of activities; 

· the operationalization, appreciating the execution and management models; and 

· the conception, corresponding to the coherence and pertinence of PAM purposes.

Concerning PAM’s execution, we address the students’ motivation and the Mathematics studies through the two referred attributes [3], namely, the mathematical topics and the new learning/teaching strategies. The collected information allows us to consider that the implemented strategies and the extra-curricular activities are leading to positive impact in the students’ motivation and in the Mathematics appeal. This view is also shared by Legal Guardians (Encarregados de Educação, EE), although we deduce that they do not do a continuous and systematic monitoring of the school life of their children. It is also noteworthy saying that they have little knowledge about PAM and about the development of this project. Wider dissemination of the activities implemented under the scope of this plan among teachers would be important, the extent that the involvement of EE in some of these activities would be a motivating factor to improve the students’ performance and to reduce failing and attrition rates.
The articulation of different departments, namely that of Portuguese and Mathematics, helps students to better interpret the utterances of the problems and to become more autonomous in their analysis and resolution, going towards Bologna-based higher education objectives, that favors student-centered learning approaches. 

The creation of Mathematics Laboratories, when performed, allowed the students to develop skills in handling technological tools and didactic materials, as well as to use them in the resolution of mathematical problems. This is particularly valuable because it opens new ways for students exploring problems, allowing them to construct strategies and apply concepts of different science fields, or even in decision making, which are important aspects for Engineering Education. These laboratories would have worked well if the class could have been spited in two groups, but the ME never authorized. Timetable sharing with other laboratories (ex: Physics, Chemistry) would allow the division of the class and the appropriate use of both laboratories. This measure would be very positive, to reinforce the learning’s consolidation and the competences construction.

The compilation of problems and work suggestions available on the website of GAVE provides working material that students can use to train, therefore addressing their difficulties.

In general, there is a positive vision relating to teachers’ involvement in the proposals, having the intention to continue the work in progress. The great adhesion from schools to apply for a second version (Project PAM II) is an example of that, also including schools of the 1st cycle. Although PAM has contributed to a change in the cultures and professional practices, the consolidation of experiences in order to develop the transverse capabilities requires the continuity of support and the creation of other resources. Measures such as: the pedagogic continuity of the teams of teachers in schools, the maintenance and retrofitting of  Mathematics Laboratories, Continuous Training Education Program for Teachers of Mathematics, in the Basic and Secondary levels, in conjunction with HEI at district level,  provision of more educational resources for Mathematics and formulation and evaluation of Mathematics elementary school textbooks should continue. On the other hand, new extra-curricular activities, such as games and contests involving Mathematics knowledge and mathematical reasoning, should be promoted. Due to the Portuguese hard situation, the promotion of teachers’ creativity may contribute to overcome the economic constraints.
In relation to PAM’s operationalization, the global perspective concerning the management and the execution of activities is quite positive. PAM was not top-down imposed, since it considers the conception of school-projects in concordance with local characteristics and real needs. Every year, the activities or subjects that were appreciated with lesser quality were then reformulated to the next year. 
The bureaucracy and greater flexibility in the procedures involving PAM would expedite the implementation of the corrective measures. In particular, the procedures regarding materials purchase and allocation of teaching-hours Otherwise, the corrective measures are either implemented with tardiness, or not implemented.
The allocation of a block reserved to weekly meetings, encouraged and allowed to develop a more collaborative spirit among the teachers of the PAM project. One of the most striking aspects of PAM was the fact that the activities and strategies were developed in group, allowing deeper sense of responsibility and team spirit. This work also encourages student’s autonomy, leading them by questioning to the intended conclusions. This is of great importance in Engineering Education, once the problems come from complex situations and, early possible, students benefit from developing skills enabling them to develop problem solving strategies.
There exists the perception that it should have been more self-regulation and monitoring or supervision by entities outside the school, by the Accompanying Teacher, or in partnerships with HEI. The comparison and transparency are critical attributes that support the construction of an European higher education area, and these attributes are so necessary as the dissemination of good practices among schools. A committee composed of professors of HEI, at the district level, and by the Accompanying Teacher could monitor schools’ activities, performing as a leveling factor between them.
In plus, the opinion arose that conclusions about the implications of the PAM project in students' school results can not be drawn, because other variables would have to be considered. Nevertheless, PAM helped to create new learning environments, seeking to develop a positive attitude towards Mathematics. The performed analysis also allows to infer that indiscipline in the classroom has declined, albeit slightly. The study of the evolution of mathematical knowledge in classes covered by PAM and others not covered could enable the analysis of the knowledge levels of student’s evolution. This way, quantitative and reliable estimators could be constructed and further improvements would be considered.
5. Conclusions

From this experience and using this reflection on the training and frequent monitoring of the project progress, the resulted lessons helped to improve the project PAM II, to be implemented from 2009/10 on. It would be important to implement an external evaluation process; however given the lack of time was not possible to establish protocols with HEI. Still, opportunities for some EE or other elements of the community to share knowledge and experiences within Mathematics should be created. Achieving greater coordination of performed activities with the 1st cycle, as well as articulation with other curricular units, are strategies that will be implemented in the PAM-II Project.
Along with the limitations and gaps, the identification of PAM good practices is made and the key elements are characterized and discussed. Although a  significant number of activities and events have been appearing in the last few years, further developments are needed. Further attention should be given to the Continuous Training Education Program for Teachers of Mathematics, to formulation and revision of Mathematics basic levels textbooks, in order to provide ways for teachers to consolidate their mathematical knowledge. Great investment is also required on the acquisition of (more) manipulative materials, computer facilities, and specific software in order to equip schools with Mathematics Laboratories, so that Mathematics education issues can be treated in a more interesting and current way, being these motivating factors for students to explore and solve problems progressively in a more autonomous way.
It was not possible to confirm the main objective of PAM, "reduction in Mathematics failing rates". Although a tendency for results improvement in the national examinations and in the 6th grade exams was noticed, this alone is not conclusive that is PAM’s consequence. This project has stimulated the students' autonomy, a factor of great importance in Engineering Education, considering the skills they have to develop to solve Engineering problems.
As Mathematics teaching staff of HEI who searched for PAM achievements, the authors can report that it was quite challenging and very exciting. However, this study was not as productive as had been expected due to the lack of official documentation.

At this time, PAM set a wave of measures and activities that required large human resources and finance amounts, within a difficult economic context. However, the practical consequences and the sustainability of PAM are hard to state. So, what can we learn from the results and experiences of the past three years of PAM? Perhaps one of the best contributions of PAM may not be in its direct benefits but in gaining insights that will support better options in PAM II.

While there is still a long way to go and the results of PAM are not well documented, this was a first step that hopefully will result in further improvements of Mathematics knowledge, increase the interest of pre-university students in Engineering Sciences, and foster the motivation of future candidates to Engineering programs.
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