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Abstract

This paper draws upon a broader piece of research aiming at investigating issues of teaching and learning at higher education within the so-called Bologna Process. The project implies the collaboration between Education and Engineering Departments in efforts to better understand and improve teaching and learning practices at university. It discusses the ways in which students learn in the context of Engineering Education and it analyses their implications for redesigning initial training and for rethinking teachers’ role at higher education. Students’ evaluation of their initial training (curriculum organization, content, practicum, etc.) is analyzed as well as their expectations for further training and professional development opportunities (format, content, ways of functioning, trainers, etc.) in and out of the university context.

Data were gathered through semi-structured exploratory interviews and questionnaires (including open and closed-ended questions). In total, 162 students participated in the study.

Findings suggest a positive picture of students’ evaluation of their initial training, namely the ways in which they had adapted to the university environment, relationship between students, the length of their practicum, and the level of exigency. However, they also highlight a number of key issues which need to be improved: a more hands-on approach especially during the first years of the course, a better pedagogical intervention from teachers and lecturers and a more adequate articulation between content knowledge learned at secondary school and university education. 

INTRODUCTION

Engineering programs as well as other higher education programs are under restructuring according to the so-called Bologna process in Europe. Issues related to new modules, new curriculum structure, active learning, and student independent work, cooperative learning (as is the case of Project-led education) became key features in this process. Along with this is the discussion of what should be done in terms of teaching and learning, assessment, development of competencies/skills (technical and soft) within the view of lifelong learning in the context of higher education. 

Thus, an educational paradigm shift is under debate. Traditional teaching and learning at higher education is mostly an outcome-led process, in which key technical competencies are to be acquired and assessed, usually through final exams. The need to think about teach​ing and learning at higher education from a different perspective is recognized. This implies a different role for both the student and the teacher.  As Lima et al (in press) state, “a more contextualized, autonomous, interdisciplinary learning and student-centered process, continu​ously assessed, could contribute to a more effective learning process”. The authors described a project-led experience with first year engineering students. Findings from this project sug​gest a clear recognition of the benefits of a project based approach to both the teaching staff as well as the students, namely in terms of increased interdisciplinary work, higher student motivation and the acquisition of soft skills as the value added of project-led education. 


The reasons behind the shift from traditional to more student-centered education in higher education may be associated with various reasons, namely focus on learning rather than on teaching, articulation with professional practice, enhancing critical thinking, better understanding of the subject matter, development of cross-disciplinary competencies,  team work, research and communication skills, conflict management, project management and autonomous and creative work, etc. (e.g. Veiga Simão & Flores, 2006; Helle et al., 2006; Schachterle & Vinter, 1996). The idea of self-regulated learning also becomes a key issue in a more student-centered process which is “an active, constructive process whereby learners set goals for their learning and then attempt to monitor, regulate, and control their cognition, motivation, and behavior, guided and constrained by their goals and the contextual features in the environment” (Pintrich, 2000, p.453). Learning is then seen as a multidimensional process which embodies personal aspects (both cognitive and emotional), and behavioral and contextual ones (Zimmerman, 1998). Therefore, learning is a dynamic and open process which requires students to engage in a wide array of tasks and activities which imply, in turn, careful planning, decision-making and self-reflection. 

These are some of the thoughts and ideas that have inspired the authors to undertake the present study in order to explore Mechanical Engineering students’ views on their training course at the University of Minho in the context of a deep and complex process of restructuring under the so-called Bologna Declaration (Teixeira et al., 2006). One of the main objectives of the Portuguese law document (Decree-Law nº 74/2006, 24/3) is “to assure the qualification of the Portuguese people, applying the Bologna Process, a unique opportunity to enhance people with higher education, to improve quality and relevance of education offer, to promote the mobility of our students and graduates and the internationalization of our education offer”. This requires the need to reform Portuguese Higher Education System according to the new learning-teaching paradigm, in order to comply with one of the aims of Bologna Process which is the construction of a European Area of Higher Education.

It is within this context that this study was carried out. It implies the collaboration between Education and Engineering Departments in an effort to better understand and im​prove teaching and learning practices at university. This paper discusses the ways in which students learn in the context of Engineering Education and it analyses their implications for redesigning initial training and for rethinking teachers’ role at higher education. Students’ evaluation of their initial training (curriculum organization, content, practicum, etc.) is ana​lyzed as well as their expectations for further training and professional development opportu​nities (format, content, ways of functioning, trainers, etc.) in and out of the university context.

RESEARCH METHODS: DATA COLLECTION AND ANALYSIS
This paper draws upon a broader piece of research aiming at investigating issues of teaching and learning at higher education within the so-called Bologna Process. The goals of the study reported in this paper were twofold: to analyze the perceptions of Mechanical Engineers in relation to their training at University and to discuss the implications of these for improving teaching/learning process, in particular the teacher and student’s role. Three main research questions were behind this study:

· How do Mechanical Engineers graduated at the University of Minho evaluate their initial training (curricular organization, practicum, theoretical vs practical components of the program, activities undertaken ...)?

· How did they adapt to their workplace?

· What are the key areas for further training and professional development opportunities? 

In order to capture their views on their initial training, on their transition to the labor market and on further training and professional development opportunities, a combination of methods was used. Exploratory semi-structured interviews were conducted with 8 Mechanical Engineers (former students at the University of Minho) in order to examine the ways in which they looked back on their initial training at University. Diversity in terms of age, years of experience and date of conclusion of their degree was taken into account to select the interviewees. The interviews lasted about an hour and were used to explore and identify key dimensions and categories to be transformed into questions to be used during the main phase of data collection. A questionnaire was then designed which included both closed and open-ended questions. 

Several levels of information were included: initial training; practicum; first years at the workplace and further training and professional development opportunities. Background characteristics, such as gender, age, years of experience, academic qualifications and years of experience at current job were also included. Overall, 162 Mechanical Engineers responded to the questionnaire: 91,4% are male and 8,6% female; 51,9% are 30 years old or younger; 47,5% are between 31 and 39; and 93,8% are employed at the moment. Data were collected in January to March 2006. 

The process of qualitative data analysis was undertaken according to two phases: a vertical analysis (Miles and Huberman, 1994) according to which each of the respondents’ interviews was analyzed separately. A second phase was then carried out according to a comparative or horizontal analysis (cross-case analysis) (Miles and Huberman, 1994). In this phase, the method of ‘constant comparative analysis’ (Glaser and Strauss, 1967) was used to look for common patterns as well as differences. Quantitative data were analyzed statistically with the use of SPSS 11.5.

In this paper, preliminary results are presented, focusing particularly on the participants’ views on their initial training at the University, before entering the labor market. 

MAIN FINDINGS
From the data, it is possible to know that 63,3% of the respondents changed job over the last three years. The main reasons put forward were better working conditions; better professional career; end of contract; geographical proximity.


When asked about the main motives for entering a Mechanical Engineering Course at the University they pointed out several situations: vocation/calling – 31,5% (1st choice); enjoying working with machines – 19,1%; enjoying working with cars – 18, 5% and employment opportunities – 16,7%. Also of interest is the fact that for the large majority of the respondents (78,9%) Mechanical Engineering was the first choice in terms of career when applying at a post at University. This is also the case of the University of Minho, which was the first choice for 65,2% of the respondents.  The overall evaluation of the course is, in general, good (see graph 1).
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Graph. 1 – Overall evaluation of the quality of Mechanical Engineering course obtained from Mechanical Engineers at the University of Minho.
Several reasons were identified for this positive evaluation, namely the broad overview of the course, professional opportunities, good technical knowledge-base for future work and adequate curricular organization of the course. 

“The course has provided me with a good basis of technical knowledge. It has provided me with a good preparation for the labor market.”

“It is a very broad course at all levels in the mechanical world. Thus it opens many doors in terms of future job.”

“I’ve learned how to identify problems and looking for solutions” 

“I think the course was useful because I developed technical and scientific knowledge which is relevant to my work and because I’ve always had several job opportunities.”
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Graph. 2 – Does the Mechanical Engineering course correspond to the initial expectations?


The large majority of the participants in the study (79,5%)  revealed that the course has met their expectations (see graph 2). They emphasized the following issues for this: good preparation to face future work/profession; being broad enough in terms of knowledge and competencies; practical component and curricular organization adequate; lecturers’ professionalism. However, 20,5% stated that the course did not meet their expectations and they highlighted the following issues: being too theoretical; the lack of liaison between University and industry; poor preparation to the labor market; lack of articulation and inadequate curricular organization, and lack of support, and poor pedagogical preparation from some teachers/lecturers. The following quotations are illustrative of this:

“I think the course should be more practical, especially during the first years” 

“As it is, it’s too theoretical, with poor effect on your real job…” 
The respondents also identified a number of issues related to their course at the University of Minho in relation to which they feel more or less satisfied (see table I).
	Completely satisfied
	Adaptation to the University of Minho – 41,6%

	Satisfied
	Range of professional options in terms of job/career – 58,0%

	Not satisfied, nor dissatisfied
	Teacher/student relationship, development of social and professional skills – 35,2%

	Dissatisfied
	Access, during the course, to laboratory work and study visits – 32,0%

	Completely dissatisfied
	Support from the University in finding a job – 21,4%


Table I- Level of satisfaction/dissatisfaction of the respondents in relation to their course at the University of Minho. 

Along with this is also a number of key issues to be improved according to the participants in this study. They refer to a more hands-on perspective from the beginning of the course; the introduction of curriculum units related  to resource management; better pedagogical approach of some teachers/lecturers; more emphasis on transversal competencies such as teamwork, communication skills, leadership, etc; better articulation between what is taught at University and at secondary education; and better articulation between university and industry. To some of them:

“I think the curricular structure of the course need improvement, namely in regard to the practicum. It will help to develop and apply knowledge if you have a more hands-on work.” 

“It needs to be more in line with Portuguese industry needs…”

“We need a better articulation between University and Industry, and therefore better integration in the labor market…”

“The course should include more projects during the five years and more hands-on work especially during several periods of time in industry…”

“Even though there are teachers/lecturers with good pedagogical preparation, there are other who need training on pedagogy skills, namely in approaching the content and relating to students… Some of them are for too many years on the job without training…”

“I think teachers/lecturers should be evaluated in order to distinguish between good and not so good teachers…”
CONCLUSION

In this paper we presented preliminary results of a study carried out at the University of Minho in 2006. By and large, the perceptions of Mechanical Engineers participating in this study in regard to their course at the University of Minho were good. They referred to good preparation to the labor market, the broad overview of the course, and job opportunities. However, they also highlighted a number of issues to be improved, namely a more hands-on perspective from the beginning of the course; the introduction of curriculum units related  to resource management; better pedagogical approach of some teachers/lecturers; more emphasis on transversal competencies such as teamwork, communication skills, leadership, etc; better articulation between what is taught at University and at secondary education; and better articulation between university and industry. 

What are the implications of these for teaching and learning at higher education in times of change within the context of Bologna process? What needs to be done in order to restructuring university programs in the light of new demands and challenges in higher education? Three main conclusions for further reflection may be identified. Of the key issues relates to the increased diversity of students in terms of motivation and skills attending university degrees with implications for the kinds of approaches to teaching at Higher Education. The articulation and better coordination in terms of curriculum and instruction is also a key feature that needs to be taken into account. And, more importantly, the reflection on the pedagogy at University in terms of its quality principles such as coherence, relevance, transparency, self-direction, creativity/innovation (Vieira et al., 2002) needs to be part of a process of analysis and restructuring in order to overcome some of existing problems and difficulties, namely in regard to teaching and learning at higher education.
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