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Abstract
This paper draws upon research aiming at investigataching and learning at higher education withie so-
called Bologna Process. It discusses the ways iohadtudents learn at Engineering Education arahdtlyses
their implications for redesigning initial trainingnd rethinking teachers’ role. Data were gathahedugh
interviews and questionnaires. A questionnaire designed including both closed and open-ended iquest
Four levels of information were included: biograptata (gender, age, initial training, current paisition, etc),
academic education (reasons for choosing MechaBiegineering, reasons for selecting University dfib,
expectations about Mechanical Engineering couitsg, gansition from University to labor market ffeiulties
faced, scope and nature of the work, etc) and gtadand post-graduate interests (areas, type @ahiaation
for high level courses, specific courses, Mastansl PhD courses). Background characteristics, asigtears of
experience, academic years of experience at therdujob were also included. Overall, findings segfga
positive evaluation of initial training, namely theays students adapted to university, relationdfgpveen
students, and length of their practicum. They &ighlight a number of issues to be improved: a ni@neds-on
approach, a better pedagogical intervention frootukers, a more adequate articulation between nbnte
knowledge at secondary school and university edutat
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1. Introduction

Understanding the ways in which students at higlercation live and assess their learning expergeisca key
issue in improving the education and developmepbdpnities provided to them, especially in timéloange
and challenge. Engineering programs are underuasting according to the so-called Bologna Prodass
Europe (Hedberg 2003, Heitmann 2005, Teixeira €P@D6). Issues related to new modules, new cuurcu
structure, active learning, and student independenmk, cooperative learning (as is the case of étdied
education) became key features in this processigMith this is the discussion of what should baalm terms
of teaching and learning, assessment, developnfi@angpetencies/skills (technical and soft) withie tview of
lifelong learning in the context of higher educatiorhus, an educational paradigm shift is underatkeb
Traditional teaching and learning at higher edweats mostly an outcome-led process, in which leshical
competencies are to be acquired and assessedyubuailigh final exams. The need to think abouthéag and
learning at higher education from a different pecdjve is recognized. This implies a different rfie both the
student and the teacher.

The reasons behind the shift from traditional torenstudent-centred education in higher educatioy b
associated with various reasons, namely focus amileg rather than on teaching, articulation withfessional
practice, enhancing critical thinking, better ursfending of the subject matter, development of wros
disciplinary competencies, team work, research eochmunication skills, conflict management, project
management and autonomous and creative work,Sthathterle and Vinter 1996, Helle et al. 2006} ea

of self-regulated learning also becomes a key issua more student-centred process which is “aivect
constructive process whereby learners set goalsh&ir learning and then attempt to monitor, retgland
control their cognition, motivation, and behavioguided and constrained by their goals and theextusl
features in the environment” (Pintrich 2000). Leagnis then seen as a multidimensional process twhic



embodies personal aspects (both cognitive and enad}i and behavioural and contextual ones (Zimraerm
1998). Therefore, learning is a dynamic and opergss which requires students to engage in a widg af
tasks and activities which imply, in turn, cargldnning, decision-making and self-reflection.

These are some of the thoughts and ideas thatihgpieed the authors to undertake the present studyder to
explore Mechanical Engineering students’ views beirt training course at the University of Minho tine
context of a deep and complex process of restimgtumder the so-called Bologna Declaration (Teieit al.
2006). One of the main objectives of the Portuglasedocument (Decree-Law n°® 74/2006, 24/3) isd$sure
the qualification of the Portuguese people, apglyihe Bologna Process, a unique opportunity to mecéna
people with higher education, to improve qualitgl @elevance of education offer, to promote the titgtnf our
students and graduates and the internationalizatioour education offer”. This requires the needréform
Portuguese Higher Education System according tméhe learning-teaching paradigm, in order to convaith
one of the aims of Bologna Process which is thesitootion of a European Area of Higher Education.

It is within this context that this study was cadiout. This work deals with initial training, mospecifically
with initial training of Mechanical Engineers, wiithtimes of change of educational paradigm witlhi@ tontext
of the so-called Bologna Process. It is a studthefconceptions and experiences of Mechanical Eegnin
regard to their initial training, the transition tioe labour market and their perspectives on fartteening and
professional development opportunities. It is acdptive study following mainly a quantitative mettology,
although at the beginning a qualitative approach used. 162 Mechanical Engineers were involvetiénstudy
which included, in the first phase, an exploratotgrview which constituted the basis for the camngion of the
guestionnaire used in the second phase of datactioth. The process of qualitative data analysisaisied out
according to a comparative and horizontal analy@i®e quantitative data was analyzed statisticalth the use
of SPSS 11.5®. This and other issues will be disediurther in the paper.

2. Bologna Declaration in Short

Over the last few years, a number of works haven lwksglicated to the issue of Bologna Declaratiometsg,
Hedberg 2003, Augusti 2005, Heitmann 2005, Teixetral. 2006, Grunwald et al. 2006 just to mentofew.

In 1999, the ministers of education of 29 countdes university leaders from the whole of Europd toe
discuss the future development of higher educatiofcurope. The post-summit declaration issued k®y th
ministers — the Bologna Declaration, as it is knowexpressed the goal of developing a Europeanéfigh
Education Area by 2010. This development procedsnsvn as the Bologna Process (Bologna Declaration
1999). Two years after the Bologna Conference ntivésters met in Prague, and then again in Berligd03,
and more recently in Bergen in 2005. The numbememmber countries increased to 40. In fact, the sténs
have decided to meet every two years to reconfienBologna Declaration goals, to analyze the reant to
set guidelines for the next period.

The Bologna Process defines 10 action lines oratibgs on the road towards the achievement of af&an
Higher Education Area. These goals overlap, oriarer-dependent, but each goal is important its€He
objectives defined in the Bologna Process inclideadoption of a comparable degree system withnham
cycles, aimed at facilitating movement between twes This in turn is a condition for achievingetboal of
increased mobility for students and academic amdir@dtrative staff in higher education. The proroatiof
quality assurance and increased inter-instituticoalperation is also an objective. The 10 actinedidefined on
the conferences of ministers responsible for Higtdwcation at Bologna, Prague and Berlin are:

. Adoption of a system of easily readable and araiple degrees;

. Adoption of a system essentially based on twmmygcles;

. Establishment of a system of credits, favour#éiilyEuropean Credit Transfer System (ECTS);

. Promotion mobility for students and academic athchinistrative staff;

. Promotion of European cooperation in qualityuessce;

. Promotion of the European dimension in highercaton;

. Lifelong learning;

. Higher education institutions and students;

. Promoting the attractiveness of the Europeaméfigcducation Area;

10. Doctoral studies and the synergy between threg&an Higher Education Area and the European
Research Area.
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The first 6 action lines were defined in the Bolagbeclaration, action lines 7 to 9 were establisimethe
Prague Communiqué, and finally, the action line vi@s defined in the Berlin Communiqué. It should be
highlighted that the social dimension of higher @tion may be seen as an overarching or transvacsiain
line. Further information and details on this issae bi found atvww.bologna-bergen2005.no




In short, the main objectives of the Bologna Deatian are to increase the mobility and employabitit the
European higher education graduates, and thusiegstompetitiveness of European higher educationhen
world scale. Achieving these goals will also regqudentification and solution of a number of soésales. This
paper draws upon a broader piece of research aiatimgestigating issues of teaching and learninhigher
education within the so-called Bologna Process.

3. Research Methodology
The goals of the study reported in this paper wedold: to analyze the perceptions of MechanicagiBeers
in relation to their training at University anddéscuss the implications of these for improvingctéag/learning
process, in particular the teacher and studentes. fbhree main research questions were behindstoidy,
namely (Flores 2006):
1. How do Mechanical Engineers graduated at thevédsity of Minho evaluate their initial training
(curricular organization, practicum, theoretical psactical components of the program, activities
undertaken ...)?
2. How did they adapt to their workplace?
3. What are the key areas for further training prafessional development opportunities?

In order to capture their views on their initiahitiing, on their transition to the labor market ad further
training and professional development opportunites€ombination of methods was used. Exploratorgise
structured interviews were conducted with 8 MectanEngineers (former students at the Universitilofho)

in order to examine the ways in which they lookadkbon their initial training at University. Divéfgin terms

of age, years of experience and date of conclusibmheir degree was taken into account to seleet th
interviewees. The interviews lasted about an haut were used to explore and identify key dimensiand
categories to be transformed into questions todeel wluring the main phase of data collection. Astjoenaire
was then designed which included both closed aed-@nded questions.

Several levels of information were included: iditis@ining; practicum; first years at the workplaaed further
training and professional development opportuniti&sckground characteristics, such as gender, yagas of
experience, academic qualifications and years @erence at current job were also included. Dataewe
collected in January to March 2006. The procesgualitative data analysis was undertaken accortingvo
phases: a vertical analysis (Miles and Hubermam)L88cording to which each of the respondents’rindevs
was analyzed separately. A second phase was theedcaut according to a comparative or horizoatalysis
(cross-case analysis). In this phase, the methémbo§tant comparative analysis’ (Glaser and Sgdi®67) was
used to look for common patterns as well as diffees. Quantitative data were analyzed statisticaitl the
use of SPSS 11.5®. Overall, 162 Mechanical Engmeesponded to the questionnaire: 91.4% are male an
8.6% female; 51.9% are 30 years old or youngeB% are between 31 and 39; and 94.4% are employie at
moment. Figures 1 through 3 show the results obthfrom the Mechanical Engineers relative to thedge,
age and employability, respectively.
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Figure.1l: Gender of the Mechanical Engineers that respotaléiie questionnaire.
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Figure.2: Age of the Mechanical Engineers that respondabeaauestionnaire.
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Figure.3: Employability of the Mechanical Engineers thatp@sded to the questionnaire.
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4. Resultsand Discussion

In this section some of the main results and opmiftom Mechanical Engineers relative to the tojmctuded
in the questionnaire are presented and discusgedn Ehe data, it is possible to know that 63.3%tlod
respondents changed job over the last three yeaesfigure 4. The main reasons put forward weréebet
working conditions; better professional career; ehdontract; geographical proximity.
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Figure.4: Did the Mechanical Engineers change their job t¢iverast three years?



When asked about the main motives for entering @&hdeical Engineering Course at the University they
pointed out several situations: vocation/callin815% (1st choice); enjoying working with machire$9.1%;
enjoying working with cars — 18.5% and employmeppartunities — 16.7%.

Also of interest is the fact that for the large ardy of the respondents (78.9%) Mechanical Engingewas the
first choice in terms of career when applying giost at University, see figure 5. This is also thse of the
University of Minho, which was the first choice 165.2% of the respondents, as it illustrated inrig6.
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Figure.5: Option for choosing Mechanical Engineering cowben entering at the university for the first time.

100
90 -
80 ~

01 652
60 -
50 -
40 -
30 -
20 -
10 1 6.2 25 25

0 — —

1st 2nd 3rd 4th Other
Figure.6: Option for choosing the University of Minho.
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When asked about the overall evaluation of the ityualff Mechanical Engineering course obtained from
Mechanical Engineers at the University of Minha tpinion from the respondents is, in general, gasdt can
be observed in figure 7. Several reasons wereifaghfor this positive evaluation, namely the bidoaverview

of the course, professional opportunities, gootrnaal knowledge-base for future work and adequatecular
organization of the course. Following are some iopis of the respondents:

“The course has provided me with a good basis dhieal knowledge. It has provided
me with a good preparation for the labour market

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

“I've learned how to identify problems and looking $olutions”

“1 think the course was useful because | developethical and scientific knowledge which
is relevant to my work and because I've always $eckral job opportunitie’s
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Figure.7: Overall evaluation of the quality of Mechanicalgireering course.
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The large majority of the participants in the st@9.5%) revealed that the course has met theieaatons
(see figure 8). They emphasized the following issim this: good preparation to face future workfpssion;
being broad enough in terms of knowledge and coempéts; practical component and curricular orgditina
adequate; lecturers’ professionalism. However, Z0sfated that the course did not meet their exfientaand
they highlighted the following issues: being toedketical; the lack of liaison between Universibdandustry;
poor preparation to the labour market; lack ofcaifition and inadequate curricular organizatiord ktk of
support, and poor pedagogical preparation from seaehers/lecturers. The following quotations Hostrative
of this:

“1 think the course should be more practical, esplfcduring the first years

“As it is, it's too theoretical, with poor effect gaur real job.."

100
90 ~
80 A
70 A
60 A
50 A
40 -
30 A
20 A
10 A

0

79.5

[%]

20.5

Yes No
Figure.8: Does the Mechanical Engineering course correspmtitk initial expectations?

In the present study, the respondents also idedtdinumber of issues related to their courseeattiiversity of
Minho in relation to which they feel more or lesgisfied. Concerning with the adaptation to thevdrsity of
Minho, 41.6% of the respondents are completelysBati. In relation to the range of professionaliam in
terms of job/career, 58.0% of the respondents atisfied. 35.2% of the respondents are not satisfier
dissatisfied with the teacher/student relationstigyelopment of social and professional skills. €ning with
the access, during the course, to laboratory waidk study visits, 30.4% of the Mechanical Enginesis
dissatisfied. Finally, 21.4% of the respondentscamapletely dissatisfied with the support from thaversity in
finding a job. Figures 9 through 13 show these iopis.

Along with this is also a number of key issues ¢oilmproved according to the participants in thiglgt They
refer to a more hands-on perspective from the béginof the course; the introduction of curriculumits
related to resource management; better pedagogpgabach of some teachers/lecturers; more empbasis



transversal competencies such as teamwork, comatioricskills, leadership, etc; better articulatioetween

what is taught at University and at secondary eilucaand better articulation between universitg amdustry.
To some of them:

“l think the curricular structure of the course neadprovement, namely in regard to the
practicum. It will help to develop and apply knogde if you have a more hands-on wbrk

“It needs to be more in line with Portuguese induetreds.”.

“We need a better articulation between Universitg &mdustry, and therefore better
integration in the labour market’..

“The course should include more projects during fitie years and more hands-on
work especially during several periods of timeridustry..”

“Even though there are teachers/lecturers with geediagogical preparation, there are
other who need training on pedagogy skills, nanrelgpproaching the content and
relating to students... Some of them are for too mgsrs on the job without
training...”

“I think teachers/lecturers should be evaluatedriheo to distinguish between good and not
so good teachers’..
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Figure.9: Degree of satisfaction relative to the adaptatiothe University of Minho.
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Figure.10: Degree of satisfaction in relation to the rangemffessional options in terms of job/career.
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Figure.11: Degree of satisfaction in terms of the teachedkstt relationship.
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Figure.12: Degree of satisfaction in relation to the accdasing the course, to laboratory work and studitsis
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Figure.13: Degree of satisfaction in terms of the suppomnftbe University in finding a job.



Overall, findings suggest a positive evaluatiofndfal training, namely the ways students adagtedniversity,
relationship between students, and length of theacticum. They also highlight a number of issueshé
improved: a more hands-on approach, a better pegiadointervention from lecturers, a more adequate
articulation between content knowledge at secondelngol and university education. For instanceelation to
the graduate and post-graduate interests, namelhat concerns with the first priority for thematiceas of
interest, the respondents emphasize the importahoganagement, energetics and new technologies, ias

illustrated in figure 14.
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Figure.14: First priority for thematic areas of interest iosp-graduate courses.

5. Concluding Remarks

In this paper, some results from a study carriedabuhe University of Minho were presented andcused.
This study is concerning with the initial trainiofMechanical Engineers, within times of changeddficational
paradigm within the context of the so-called Boladgtrocess. It was a study of the conceptions apdrinces
of Mechanical Engineers in regard to their inittghining, the transition to the labour market atmeirt
perspectives on further training and professioraletbpment opportunities. In the sequel of thiscpss, the
roots and aims of the Bologna Declaration were ptesented.

If, in general, results point to the correspondebetwveen expectations and reality and a balanckalijo
positive in regard to Mechanical Engineering Couime the other hand, the respondents feel disisatish

relation to some aspects which need to be reorgadnigthin the context of a restructuring procesthefcourse.
Data suggest that Mechanical Engineers feel d&gatdi in relation to the support of the Universitjhen

searching the first job, as well as the accessdutie course to lab activities. Mechanical Engisegere more
satisfied with the duration of the practicum and #daptation to the University of Minho. They hight as
aspects to be improved within the context of lhitiaining the need to a permanent up to dateignsic terms
of the subject matter, the existence of short-tpratticum in enterprises throughout the coursepeerhands-
on approach, a greater emphasis of the learningao$versal competencies related to the labour ehaakd a
deeper articulation between the University anddbeur market.

On the other hand, Mechanical Engineers describedbeginning of the careers as being difficult @agy,
which depended on a number of factors. They saitl tthey looked for support from colleagues from kyor
superiors and chiefs, lecturers from the Univeraitg supervisors to solve the problems and diffiesilsuch as
lack of experience, relating to other people, aalamt to the work environment and the lack of prapan from

initial training.

As far as further training and professional develept are concerned, themes include, among others,
Environment, Energetic, Interpersonal relationshipsadership, Project, ICT, and so on. They alssfepran
intensive course after work, guided by specialisisn industry. These and other findings suggestizapions
for the restructuring of the curricula, for theieutation and pedagogical coordination and for peelagogical

training of teachers at higher education.
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