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Abstract - As a result of the implementation of the

Bologna Declaration and the growing emphasis on

lifelong learning in a knowledge society,
education has been implemented
engineering courses at the University of Minho. The
degree to which the project is influencing the curiculum
varies from course to course. In some course, thegect
is a project exercise in which already acquired kneledge
is applied, in others, the project is the leadinglement of
the semester and other subjects depend entirely athe
project. In each case, the project has to be desigd in
such a way that all or most subjects of the semestare to
some extent represented in the project. The competeies

project

as developed for the project have to meet several

requirements. In the first place, they have to be &sed in
the subjects or content areas that form the projectThey

also have to fit within the general framework of tle

course and general project specifications of a padular

semester. Apart from these demands, each project Bdo

meet a number of specific requirements, related tahe

problem to be solved during the project: the solutn

needs to “work”. Finally, the competencies definedn

project education need to represent a number of sbf
skills. The article explores three student guidesral the

kind of competencies involved in three different poject

learning experiences.

in a number of

in which the project is more interdisciplinary aredated to
real world issues. This kind of project work is madly in
parallel with other subjects. The third kind of jeat work
replaces the traditional subjects by a completejepto
approach to the course as a whole. Projects arbasis of
the curriculum and the learning goals are reachesligh a
number of projects. Most of the projects that tpleee at the
courses of the University of Minho use a projeanponent
approach, whereas one course substituted a tnaalitiive or
six subject semester almost completely by one ptoje

The main characteristics of the project approaeh aar
focus on student-centred learning as opposed tohéea
centred learning. Students work in teams on opeieemeal
and existing problems and share the responsisilfie the
process and the outcomes of the project. Teamwsrk i
regarded as a way to construct knowledge. During th
teamwork, students develop a sense of creativitytaking
initiative. They develop critical thinking skills nd
communication skills. The content of the project niet
related to one specific curricular area, but iefidisciplinary,
reflecting the problems that students will faceeaftheir
graduation.

COMPETENCIES AND SKILLS

In each project, students develop different kinfiskils and
competencies. Competencies are broader than skilla

Index Terms- Project-based learning, competencies, softsense that they include an inseparable set obssllwell as

skills.
INTRODUCTION

Because of the demands of the Bologna Declaratitich
is, among other aspects, focussed on lifelong legrim a
knowledge society, students at the University ofniui
started to work in projects, as described in Povesit
Weenk [1].
traditional teacher-centred education partly oiirelst in a
number of technical courses. Morgan, cited in HéR¢
described three general models of project workdincation.
The project exercise is the first one, aimed athapgp

knowledge and techniques already acquired in alif@mi

context. This kind of project work usually takeag# within
a subject. The second model is the project-compamedel
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Project-Led Education (PLE) is replacingnon-technical

knowledge and behaviour aimed at a specific résuéertain
circumstances [3]. Competencies are contextualiaad
placed in a professional context. To develop compeés,
processes of learning and development are necessary
Competencies are wusually interrelated. In projedt-|
education, three types of competencies can bendigthed:
general technical competencies that are oftenelad a
specific subject, project-related technical compeites and
competencies [4]. The general teathnic
competencies are related to various disciplinagasiand are
rather constant from one year to the next. Theyemt the
technical competencies as described in the cuamewdf the
course. The more specific technical competencies ar
associated with one specific project and have tovitlo the
topics that students are supposed to work on.dh peoject,
students work on a theme, a problem and a solatiahthey
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are supposed to find a working solution for thec#e  for 24 ECTS. In this case, the project can be desdras a
problem. The demands of the particular problemsatere project orientation. One broad, open-ended prajétt close
learning opportunities related to specific techhicalinks to the professional reality of a graduateddent,
competencies. The non-technical competencies ase alreflecting an integration of different curriculareas is the
called transferable competencies or soft skillsesehare foundation of the semester [5, 6].

developed during the project work, partly becausehe

group dimension and partly because of the natungraject QUESTIONS

work and its assessment. Team work implies comnatioic

between team members and processes of implicikplicé Each of the projects provided support documentatiothe
leadership and management. Agreements need to de mastudents. These so-called student guides destwbgoals of
and students need to experience how they deal tvéibe the project and a number of theoretical and practispects.
agreements. Formal and less formal group procgsse&le As these guides provide fundamental informationthe
learning experiences that support the developmogmain  students concerning what is expected from themasnithey
transferable competencies. The project work itagifl the are also the most important source of informatidimua
related assessment processes also provide specifiifferent competencies that are to be developesly there
opportunities. Writing reports, giving presentasiprusing  analysed with regard to the following aspects:
information systems and operating in close contsith  « \What competencies, skills, goals, learning resolts

companies are examples of learning experiences atet other outcomes oriented information is given?
more typical for project work than for traditionelassroom « \What methods are described to accomplish the
exam-based education. outcomes?

The information on what competencies are developed, \what assessment methods are defined for which
during a project is usually stated in a studentdguor a outcomes?
similar document provided to the students at thgriveng of The information of the student guide is the maiarse
the project. This article describes three differeases of f information as provided to the students andikeh as the
project-led education at the University of Minhalghe only source for the purpose of this case studyhoalyh

additional information may be provided in trainisgssions
THREE PROJECT-BASED COURSES and separate documents in some cases.

Most of the courses that are of the responsibitifythe INEFORMATION IN THE STUDENT GUIDES

Council of Engineering Courses include project warka

certain way. The type of project work varies frome@ourse  The analysis of the student guides of the threéemift
to another. Three courses are included in a casy sin  projects showed a variety of information provided the
competencies in project work: Production Enginegremd  stydents. All guides provide outcome related infation and
Management, Mechanical Engineering and FashiondDesi (efer to technical as well as non-technical compeits.
and Marketing. All of these have a strong projexhponent The guide for the Mechanical Engineering project
in the first year. In the first course, the projeark can be jgentifies three types of competencies: specific
regarded as project orientation, in which the subj@re competencies, transferable competencies and aalitio
replaced by project work. The whole semester iemeid  competencies. The specific competencies are e.g. th
towards one specific project. In the second andttk  jgentification, basic characterisation and  prattica
course, the project work can be charactensed REORC  nderstanding of types and movements and mechaarism
component approach. In parallel with a number dfeot forms of fixations and transmissions of movemenhe T
subjects in the semester, the courses introduced &fpnsferable competencies are competencies likgegiro
interdisciplinary subject at the time of the Bolagturricular management, group work, written and oral commuitioat
reforms. _ _ _ and the development of foreign languages. The iaddit
At the Fashion Design and Marketing Course, th&ompetencies are describes as actual research shame
project subject is an increasing part of the seene#tt the  echanical engineering and the scope of the mecdlani
beginning of the semester, students start prepatirgy engineering industry.
project for about two hours per week. At the endthud The guide for the Fashion Design and Marketing seur
semester they need nearly their entire weekly tiarethe  gescripes competencies for three different curicareas
project. The tutors are the teachers of the otbbjests of  tnat are involved in the project: Design, culture society,
the semester. Itis an 8 ECTS subject. _ Textile and Clothing Business and Group work suppgr
At Mechanical Engineering, the project is considege nformation technology. Apart from the competencies
subject like the other subjects of the semestemimch  igentified for these three areas, a number of feaable
application of knowledge and skills of the othebjegts  competencies are described, divided in five grogpsject
takes place and some new contents are developed. Thanagement, personal and interpersonal skills, pyweark,
subject counts 5 ECTS. communication skills and time management.
_ At P_roduct|0n Engmeer_lng and Manageme_nt, fouradut The Production Engineering and Management project
five subjects transformed into one broad projedte Tifth guide describes the competencies for each subjeotvied
subject of the first semester did not participhie bne time  ;, detail. Because the separate subjects are eplag an
for organizational reasons. The four subjects tmgetount oyiensive project, all outcomes related informatiof
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subjects needs to be described within the contéxthe

most likely accomplish a close link to the professil

project. Each subject provides between three toersev practice, will most likely emphasise relationshipstween

specific technical competencies. Apart from thesghnical
ones, the guide provides a number of transferakils s
similar to the groups as defined in the Fashionigyeand
Marketing student guide. In the latter, the impoc& of
transferable skills and the developmental oppatiesifor
this kind of competencies in Project-Led Educatien
explained to the students.

None of the guides give explicit information on hea
develop the specific competencies as describedy e
however describe to some extent how Project-Led&iilon
functions. The Fashion Design and Marketing guidesu
about seven pages to explain students how to wogkteam
and what rules apply to this kind of intensive teark.
Procedures, documents, roles of students and duesg
group work are extensively discussed in the guitiee
Mechanical Engineering guide dedicates a page dnadf @n
the organisation of the groups, the stability & timoups and
the coordination of the work and describes in thdef
section rules and regulations with regard to restdlities
of groups, tutors and teachers and the procedardsahding

different skills, knowledge and attitudes, provigesontext
of learning experiences tat enable students to ldeve
competencies and provides a professional atmospimere
which student work, but many of the results arandef as
rather straightforward learning goals that do reftect an
integrated set of knowledge skills and attitudes.

The division between technical and non-technical
competencies and between general and more pr@ieted
competencies is useful to students and is madeothoe s
extent in all of the guides. It shows to the studehat PLE
is focussed on a number of different competencied a
highlights the importance of transferable compdtnthat
can be regarded as the added value of PLE.

Each of the three student guides describes to some
extent how students are assessed. They do, howmtagive
clear criteria for the different assessment mom&t.the
students it is clear what kind of assessment théyhawve to
undergo during the project, but exactly how and twha
competencies are assessed at which assessment trismen
impossible to deduct from the information in theid&nt

in reports. The Production Engineering and Managgme guides. In PLE, assessment is supposed to be atéegand

guide, as referred above, pays attention to theitapce of
transferable skills, but does not describe the RdEking
method
participate in a training session on group work.

The assessment schemes for the three projectather r
different. The Fashion Design and Marketing guideatibes
continuous assessment, self and peer assessmeritnahd
assessment. The final grade is a weighted mearl aff a
these elements.

assessment moment should be designed as such i avo
fragmentation. Presentations, prototypes, reponts @sts

in detail in the guide. Students however daan all serve as instruments to assess studentsheAt

moment it is not very clear how the developmerteohnical
competencies is measured. The development of &aidé
skills is even more complicated. These are usuyadigrly
formulated, because the teaching staff is not famikith
this kind of material and do not feel at ease a#sgssoft
skills of students, although they all agree onubefulness of

The Mechanical Engineering guide gives a final grad these competencies for their students. None ofsthdent

formula that is a weighted mean of the first onagentation,
the mid-semester presentation, the preliminary ntepbe
final presentation and the final report.

The Production Engineering and Management guiddikely that students are assessed with

shows a detailed scheme in which the weight ofpitigect
and the individual subjects are given. A correcfiactor for
each student, a final project test, a prototypes fimal
presentation and the final report are included al. wThe

guides pays explicit attention to the assessment of
transferable competencies.

The integrated approach of assessment makes érrath
regard te th
development of some of the transferable competsndike
written and oral communications that students héwe
prepare forces them to develop writing and presemnta

skills for example. The grades for these typessskEasment

Fashion Design and Marketing course and the Praduct may implicitly assess not only technical, but alson-
Engineering and Management course are charactebged technical competencies. Group work on the otherdhan

and active participation of students in the assessm provides

process. Students assess their own performancewdlye

excellent opportunities for leadership and
management skills, but is, apart from some occasion

their group is working and the performance of theirwhich peer and self assessment takes place naisassim a

colleagues. Process related aspects are in genetal
assessed by teachers, but by the students themssbey
are able to reflect on the processes they arevedah.

ANALYSIS OF THE STUDENT GUIDES

The three student guides do all contain informatmm
expected learning outcomes, the project method thed
assessment of learning. A closer look at the in&diom
however reveals a number of difficulties on a numbg
different aspects. Firstly the competencies asriestin the
guides. Most of them can be regarded as learnibcpmes
or learning goals, but not as competencies thatesttze
characteristics as described above. The projethgewill
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systematic way. The assessment schemes as givérein
student guides do not yet describe a balanced fdan
assessment of all competencies in an explicit walgey do
however describe responsibilities of teachers a# a®
students in the assessment process and recognése th
importance of students as assessors of learnimpgciedly
concerning non-technical competencies.

DISCUSSION OF RESULTS
The guides that students receive when taking paRLE
experiences provide useful information to studemntsvhat is

expected from them and how students are supposedrio
They also inform students on how they are goingo#o
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assessed during the project and at the end of hiegh  [6]
Looking at the importance of technical and non-téchl
competencies in PLE, a number of improvements can b
made to benefit even more from the advantages @éegtr

led education. The definition of competencies ie first [7]
place, needs some special attention. Competentasate
balanced, related to the future professional cdntéxthe
students and consist in a set of knowledge skilltudes g
and beliefs, combined with some indicators for good[
performance can help students to understand lvettiztr they

are supposed to develop.

Explicit attention for group work and the processés
PLE as described in the Fashion Design and Mardefirde
would be useful in all guides.

An assessment plan including the assessment of
technical as well as transferable skills will hefpdents of
project-led learning experiences to work on theettgyment
of competencies in a more focussed way. As studargs
highly motivated by assessment [7], a good assedsphan
will stimulate them to be more concentrated on wisat
considered important. The development of transferab
competencies is a special case, because up umtiltiney
have not been included explicitly in assessmem plad if
they are part of a project, they need to be pa#asskssment
as well. As transferable competencies need to besasd
within a context, an integrated assessment plan albr
competencies is necessary.

In general, PLE can be regarded as a useful way to
develop technical and non-technical competencissalso
stated by Drummonet al. [8], who argue that developing
competencies in a context that is similar to thetext in
which they will be used, is more beneficial thawveleping
them in separate modules or in a traditional ctassr
setting.

ACKNOWLEDGMENT

This work was supported by the FCT under grant n°
SFRH/BPD/18754/2004.

REFERENCES

[1] Powell, P. C. and Weenk, W. “Project-led enginggeducation”,
Utrecht, Lemma, 2003.

[2] Helle, L., Tynjala, P., and Olkinuora, E. “Projéetsed learning in
post-secondary education — theory, practice anoemuling shots”,
Higher Educationyol 51, 2006, 287-314.

[3] Pacheco, J. A.. “Decentralizar o discurso curricdis competéncias.
Revista de Estudos Curricularégol 3, 2004, 65-92.

[4] Cabral-Cardoso, C., Estévao, C., & Silva, P. (200Bpmpeténcias
transversais dos diplomados do ensino superioiménées,
TecMinho

[5] Lima, R.M., Carvalho, D., Flores, M. A., and vantttlan-Janssen.
“Ensino/aprendizagem por projecto: balango de uxparéncia na
Universidade do Minho'Peper presented at the VIII Congresso
Galaico-Portugués de Psicopedagogiortugal, Braga, 2005

Coimbra, Portugal

Lima, R. M., Carvalho, D. Flores, M. A. and van tdat-Janssen, N
“A case study on project led education in engimegerstudents’ and

teachers’ perceptionsEuropean journal of engineering educatiam,
press.

van Hattum-Janssen, N. and Pimenta, P. 2006 “Peeself-
assessment in Portuguese engineering educatiom’SlrRoberts
(Ed.), SIf, peer and group assessment in e-learné#g84, Hershey,
Information Science Publishing, 2006.

Drummond, I., Nixon, I., & Wiltshire, J. “Personaansferable skills
in higher education: the problems of implementiogdpractice”,
Quality Assurance in Educatiowpl 6, 1998, 19-27.

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



