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Aalborg University, Aalborg, Denmark, has organised the first year of studies at the Faculty of
Engineering and Science in such away as to meet the specia needs of students when they enter a
new education system. The students are introduced to the so-called Aalborg Model of Problem-
Based Learning (PBL). The article gives an overview of the structure of the first two semesters,
showing examples on how students' basic technical skills can be developed, aswell asintroducing
the students to the philosophy of the Aalborg Model of PBL. Further, it isillustrated how students
can acquire general and transferable skills when collaborating, and how they can evaluate a
technical solution in a particular context. The established platform for academic methods of work

and study is also presented and elaborated on.

INTRODUCTION

One problem facing modern education ishow to adapt
quickly to an ever-changing world and to keep up with
an almost exponential growth of knowledge. The
knowledge that students can acquire within a given
timeframeislimited, so they will know relatively less
of the current knowledge available when they finish
at auniversity, compared with the knowledge present
when they actually started. Such a situation calls for
moreinnovative educational systems.

At Aalborg University (AAU), Aalborg, Denmark,
the focus is shifting towards endowing students with
skillsand competencesto seek and utilise new knowl-
edge independently. However, this means that the
focus must be different for the programme planning
when compared with traditionally taught courses. The
aim is to make students learn by themselves, inde-
pendent of teachers and the ingtitution. It is believed
that by having students undertake projects supported
by courses, they will develop competencesthat make
them capable of working in a changing world and
devel oping new knowledgeindependently.

EDUCATIONAT THEFACULTY OF
ENGINEERING AND SCIENCE

The first year of studies within the Faculty of
Engineering and Science is a so-called year of basic
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studies. It isthefirst year of continuing studies at the
university, which forms an integral part of the
programmes for BSc (Eng), MSc (Eng) and
Cand.Scient. of the Surveyor programme. Students
enter thefirst year of a programme but do not enter a
separate one-year education programmes.

During the first year of studies, students learn to
adapt to Problem-Based Learning (PBL), along with
the acquisition of necessary basic knowledge within
the fields of mathematics, physics, information
technology, and discover the relationships between
technology, as well as the context in which the tech-
nology appears.

Thefirst year also focuses on devel oping academic
maturity, which callsfor the ability to work independ-
ently (independent of facilitators or teachers), to de-
velop collaborative competences, critical attitudesand
aprofessional engagement towardswork. The project-
organised and problem-oriented project work carried
out in teams forms the study learning environment.

Two periodsdividethefirst semester: apilot project
and alonger project lasting for the rest of the semes-
ter. The second semester is one continued period as
shownin Figure 1[1].

The pilot project is an introduction period where
students become acquainted with the University and
the problem-based study philosophy. During the pilot
project period, which is four weeks long, students
undertake a small project, write a report and present
it at aseminar.
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Figure 1: The structure of the first two semesters[1].

Thefirst project periodisthe more complex project
that the students initially perform and it gives them
the opportunity to havewidth, aswell asdepth, in tech-
nological project work.

The second project period, in the second semester,
is the longest project period where students need to
work in greater detail with a chosen technical-
scientific and complex problem.

An assessment concludes each of the project
periods and includes an eval uation of the coursesthat
support the project work for the given semester. The
project assessments are part of the students' learning
process, the principle of which is to focus on an
academic discussion rather than atraditional interro-
gation. Even though the assessment is of the team,
each student obtains an individual mark.

SEMESTER STRUCTURE

The sememster structureisillustrated in Figure 2. In
short, the semesters consist of three elements: the
project (50%), project supporting courses (25%) and
non-project supporting courses (25%). The project and
the project supporting courses involve 75% of the
students’ workload during the semester.
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Figure 2: A typical semester structure.

The assessment evaluates both the project and the
project supporting courses. The non-project support-
ing courses are evaluated by project independent
evaluations.

Objectivesfor theBasic Year

Bloom’s Taxonomy forms the bases of the descrip-
tion of the objectives [2]. The overall objectives for
the basic year are:

»  Tointroduce studentsto ascientific way of work-
ing with a special focus on methodical
competences.

e To qualify students in their continuing studies
within the Faculty of Engineering and Science at
Aalborg University.

» To train students to take responsibility for their
own learning process and guide them on choos-
ing theright programme[3].

The overall objectives cover the following three
areas of professionalism:

e Technical-scientific professionalism: After the
basic year, students should beableto comprehend
and apply technical and scientific methods, models
and theories on the bases of areal problem.

e Contextual professionalism: After the basic
year, students must be able to comprehend and
apply methods for analysing and evaluating
technical and scientific problems, while also
taking into consideration relevant relationships
and/or perspectives.

e Professionalism of project work: After the
basic year, students must be able to undertake a
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learning process based on project-organised and
problem-oriented project work performed in
teams. Furthermore, the student must be able to
present the project results, aswell asthelearning
process itself.

Variety and Progress acrossthe Semesters

Thefirst year of basic studies has aclear progression
throughout the two semesters in order to achieve its
objectives. Table 1 shows this development of the
objectives, theme and project proposals, while Table 2
shows the number of ECTS (European Credit
Transfer System) points for the courses and for the
project (oneyear of full timestudy isequivalent to 60
ECTSpoaints).

The overall profile for the two semesters is to
have avery broad entry, which then narrows towards
the characteristics of a specific programme after
the second semester. The model is the so-called
modified hourglass model (developed by Moesby
and Rosengrn) (see Figure 3). This mode illustrates
the variations during the programme starting with
awide contextual entry, which, in the middle of the

Table 1. Objectives, themes and project proposals
throughout the project periods[3].

Pilot 1¥ Project | 2" Project
Project Period Period
Objectives | Wide Generd Specific
overall methods in | methods in
intro- focus focus
duction
Theme Redlity and | Modelling
models reality
Project None Programme- | Programme-
proposals oriented but | specific
very  open | proposas
and wide

Table 2: ECTS points for project, project supporting
courses and non-project supporting courses in the

semesters [3].

ﬁgmsgeﬁf;?; 1% Semester 2" Semester
Project 15 ECTS 15 ECTS
Project
supporting 8 ECTS 7ECTS
courses
Non-project
supporting 7ECTS 8 ECTS
courses

Total 30 ECTS 30 ECTS

Research oriented i )
Industrial oriented

7" to 10"
semester

3to 6 semester

1% and 2" semester

Figure 3: Themodified hourglass model.

study, tightens to focus more on disciplines, ending
up in wide technical and contextual projects that
reflect the complexity of real-life problems. It
also illustrates the choice between a specialised
research-oriented career or a more wide technical/
industrial career. The basic year is the first part of
thismodd.

TEACHING AND LEARNING

When initialy introduced to the Aalborg Model of
education, a person may be left with the impression
that the Model is rather static. However, it isin fact
a very dynamic model, which makes it easy to
implement new teaching techniques or new learning
methods, based on the latest research results or
changesin aprogramme curriculum.

Asthefocusison student learning, the best possi-
ble methods to support their learning must be found.
The technique used in a course depends mainly on
two things, namely:

Thetopic taught.
e The teacher.

The topic taught calls for different teaching
models and in the basic year, avariety of models are
utilised, including thefollowing:

e Traditional lectureswithlarge groups of students.
e Individua problem-solving assisted by tutors;

e Traditional classroom teaching in smaller groups,
* Case studies;

* Roleplays,

e Sdf study;
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e Excursions;
e Guestlecturesfromindustry and other institutions.

The best teaching technique for the course is
determined by the nature of the course, the learning
that the programme seeks to facilitate, and the
capability of the teacher.

Students learn to collaborate during teamwork
exercises, as well as the lecture courses in Collabo-
ration, Learning, and Project Management
Courses (CLP courses) that support their learning
(see Table 3).

METHODSAND MODELSUSED

In order to achieve the objectives for the basic year,
theinitial focus of teaching isdifferent to that in later
semesters. As mentioned previoudly, the basic year
is a transition year and, because of this, different
methods support thistransition to encourage students
to leave their high school habits behind in order to
develop into university students. If students are to
develop certain competences and skills, courses need
to be offered that specifically focuson achieving these
learning goals (see Table 3).

Apart from the courses on, for example, learning
theories, collaboration, ethics, planning, scientific
methods, academic work and methods for project
work, students are also introduced to methods of
reflection (milestone activities) and reference, learn-
ing portfolios, and academic formalitiesduring thefirst
two semesters.

Students are introduced to working in a formal
manner in the generation of projects. By making
studentsfollow the model shownin Figure 4, they are
introduced and guided to a scientific approach to
project creation and problem-solving. Studentsarethus
enabled to fulfil part of the objectivesfor thefirst two
semesters of their programme. Besides showing the
general model of phasesin a project work, the model

Problem analysis

Task Formulation

Figure 4: The formal phases of the project. The
shadings indicate potential difficult collaborative
periodsin teamwork.

also shows where students will probably experience
magjor difficultiesinthe collaboration during the project.
The lecture courses introduce theories and the back-
ground to deal with those periods of difficulty, and to
make it possible for students to solve problems by
themselves.

The model aso helps students to avoid starting
projects by first entering the solution phase, but
rather to start the project work by making thorough
analyses and formulating the real problem they wish
tosolve.

The project work is carried out within a defined
area, which merges adefined theme, the given courses
and the formulated project proposals. All of theseare
in accordance with the aims set for the semester and
student learning. Themodel in Figure5illustratesthe
correlations between these elements.

By defining a theme and identifying the courses
for the semester, it is easier to formulate project
proposals that utilise the courses in the project

Table 3: Content and progression of courses through the project periods [3].

Project Support Courses Pilot Project

1¥ Project Period 2" Project Period

Collaboration, Learning and
Project (CLP) management
2ECTS

Report writing

Collaboration and
planning

Communication,
learning, presentation,
and planning

Technology, humankind and
society (TMS)

Problem analysis

General TMS
professionalism

Programme-specific
contextual

4 ECTS

2ECTS professionalism
Engineering and scientific General methodical competences Programme-specific
methods methodical

2ECTS competences
Technical None Ad hoc Programme-specific
Courses Courses courses
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Courses

Project
Proposals

Figure 5: Relationship between theme, courses and
project proposals[1].

work. Thisalso makesit possiblefor studentsto fulfil
the aims of the project work.

PROFESSIONAL WIDTH AND
OPPORTUNITIESFOR DEEPER
UNDERSTANDING

It isimportant for students to recognise the compl ex-
ity of atechnical-scientific problem and the possible
solutionsavailable. It isequally important to develop
students’ abilities by facilitating a deeper analysisin
the chosen aspects of the problem and allowing for
one or more potential solutionsto the problem.

The project supporting courses are intended to
enhance students' comprehensioninagiven topicand,
through the project, students have the opportunity to
venture deeper into different topics in the courses.

The relationship between courses taught and the
actual project is one of the most important issues in
order to make room for wider competence devel op-
ment, aswell asthe possibility for studentsto journey
deeper into one or moretopicsor areasintheir project
work.

The semester is structured in such a way that the
complexity of the project increases during the periods
shown in Figure 1. The students develop a more
qualified way of realising projects, which increases
the depth in their capability of handling more and
more complex situations in all three stated areas of
professionalism.

REFLECTION SESSIONS

In the basic year, reflection becomes a routine
element for students. Thereflection sessionsare based
on the theories of Schon, as stated in The Reflective
Practitioner [4]. This was further developed by

Cowan [5]. In short, during each of the two semes-
ters, students undertake reflection before (at the start
of the semester), reflection in (milestone activity
during the semester), and reflection on (at the end of
the semester) the learning they have to start or have
been through as ateam and as individuals.

The team prepares a separate report, a process
analysis (areflection document), which describes and
analysesthe learning and evaluates the semester. The
problem analysis is a part of the assessment (see
Figures 6 and 7).

ASSESSMENT AND EVALUATIONS
In the basic year, there are two types of evaluations:

e Evaluation of the non-project supporting courses.

e Assessment covering the project, the project
supporting courses and the learning document
(process analysis) (see Figure 7).

The assessment is considered part of the students
learning process and is conducted on an academic
discussion, rather than a traditional control of the
student’s knowledge. In order to establish an evalua-
tion method that matches the educational model,
students must be tested on the higher levels of
Bloom’s Taxonomy, as specified in the study
regulations. A discussion, based on the project,
uncovers the level of understanding possessed by
the student.

Before action Inaction On action

(——€)

Figure 6: Cowan’s loopy diagram for reflections
before, in and on action during a semester [4].

Study
Regulation
Process
Analysis
Project -
Report ] Presentation
inclusive
of Team and
specific — |nd|V|.dua.I
project examination
objectives

Figure 7: The basisfor an assessment in thefirst year.
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The assessment of the project work is carried out
in teams and consists of two parts. It begins with a
student-conducted presentation of the project work
and the process analysis. Then a supervisor conducts
a question session with the students, based on the
presentation, the report and the processanalysis. This
question session should aim at identifying the level of
competences each student has acquired, in order to
be ableto giveanindividua mark.

Thetraditional single course evaluation will not be
described here in detail, but changes are now being
made in the evaluation of the non-project supporting
courses. Instead of atraditional written examination,
an assessment based on the problems solved during
the semester is planned, aswell asadiscussion onthe
mathemati cs taught and problem solving.

WHY A BASIC YEAR?

The basic year is the first year of university studies
at the Faculty of Engineering and Science, AAU, and
the focus is very much on learning and forming
desirable study habits. The basic year is a bridge
between the high school level on the one hand and the
later semesters in the different programmes on the
other. In the later semesters (ie beyond the second
semester), students are expected to become comfort-
able with the philosophy of the educational model and
to be able to work independently. They are also
expected to take a higher degree of responsibility in
their own learning process. Furthermore, they should
possess a variety of competences for working
professionally inteams.

Project-Oriented Learning (POL) is not (yet) an
educational model with which students are familiar
when starting at auniversity level. The progression of
the basic year allows for the increasing comprehen-
sion in POL because of the way it is structured. The
transition from a high school pupil to a university
student is a time-demanding process, and it takes a
certain amount of time for the student to go through
these changes in attitude and values in order to take
responsibility for their own learning. Thisisan often
over-looked factor when institutions make changesto
the PBL/POL techniques [6][7]. Furthermore, it
IS hecessary to support students in this process by
offering courses that focus on, and provide support
in, their transition in the learning process.

Students have expressed that the opportunity of
choice is a mgjor factor when choosing between
various universities and programmes. Since it is not
possible to give students absol ute freedom of choice
in any programme, the solution is to create room for
students to make some choiceswithin the curriculum,

as well as to ensure that the necessary learning
objectives are met in agiven programme.

Figure 5 shows the relationships and how they
generate conditions by setting up a theme, choice of
courses and development of project proposalsfor the
semester. By giving studentsthe opportunity to choose
between several different project proposals — all
matching the prescribed conditions—studentsfeel that
they have the opportunity to make their own choices.
Ownership of the project work is a very important
motivating factor for the student who is learning
about the project environment. The feeling of owner-
ship is one of the most important driving forces for
students.

As stated in the overall objectives, the basic year
also serves to help students choose the right
programme. After the first semester, a student can
elect to change programmes without extending the
actua study time. After the second year, it will still be
possible to change programmes, but the student must
follow some of the courses taught at the second
semester, or else catch up with the missed require-
ments by individual study. However, thisislimited to
one or two Ccourses.

Studentswill not extend their study time by making
a programme change after the second semester
either. Students expressthisasahighly valued oppor-
tunity and it is cited as one of the reasons for choos-
ing Aaborg University [8]. Having the opportunity to
change programmes, students continue their studies
based on the knowledge already gained of the
programme chosen. Hence, itisunlikely that they will
drop out dueto unfamiliarity with agiven programme.

THEBASIC YEARASA PEDAGOGICAL
LABORATORY

The basic year serves in practice as a pedagogical
laboratory and training centre for the academic staff.
Since the students' learning, pedagogy, and general
methods and competences are strongly in focus, the
departments can, and do, use the basic year to train
newly employed staff in the teaching model used.
Experienced staff, on the other hand, can develop and
test new educational techniques or test new methods
when teaching these students.

One exampleistheimplementation of Information
Technology (IT): teaching mathematics can be tested
and evaluated as there are several reference groups
available for comparison. If successful, it can beim-
plemented on afull scale basis. Formalised reflections
are one of the elements that were developed in the
basic year, and the model is now being implemented
in later semesters in some programmes.
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RESOURCES

In order to complete the description of the basic year,
adiscussion of resourcesisalso important. By having
alarge number of students, there are opportunitiesto
optimise study in several ways.

The educational costs per student are less at
the basic year thanin later semesters. Thisispossible
by utilising resources more efficiently when having a
substantial number of students, compared to having
studentsdivided into classesin different programmes.
However, this does not compromise the quality of
student learning.

The resources saved in the first year can be used
in later semesters to compensate for the extra
resources needed when having fewer studentsin the
teams.

Thedevel opment of collaborative teamwork skills
calls for a certain team size. In very small teams,
studentswill most likely not experience collaborative
problemsand larger teamstend to break into two sepa-
rate working sub-teams. Experience shows that the
optimum number isnot lessthan five studentsand there
should be not more than seven or eight students per
team. The average at the basic year is typically
between six and seven students per team. Teams of
five or six students are generally accepted asan idea
team size. In later semesters, teams can be smaller:
maybe two to three students.

Classroom teaching of courses is carried out in
major groups that consist normally of between 60 to
140 students. There is one teacher lecturing in the
auditorium. The process of solving problems, such as
encountered in mathematics, is done in teams with
the help of atutor, whoisusually astudent from higher
semesters.

DISCUSSION

As can be seen, there can be some dilemmas encoun-
tered in the study programme and these can be found
mainly inthefollowing areas:

»  Theneedtogiveindividua trainingin basic knowl-
edge on the one hand, and cross-disciplinary
project work on the other hand.

e Thecontent of the project supporting courses and
the use of those courses in the project work.

* Thedilemmathat stands between the individual
student and the team in the learning process and
in the assessment.

* Awardingindividual marksin ateam assessment
that students consider fair.

» Social relations give low dropouts, but this

successin thelow dropout rate callsfor aninfra-
structure or an environment that permits the
devel opment of strong social relations.

The basic year deals with these dilemmas and, in
the planning of the semester, the Faculty triesto solve
such related problems. With reference to the evalua-
tion report of the basic year in 2000, it can be seen
that the first year has been successfully structured
with respect to the dilemmas stated [9].

The advantages of having a common first year
of studies, where students devel op general and trans-
ferable skills in order to improve their continuous
education, outweigh the disadvantages. The main
advantages are:

* An independent study board deals with the
special pedagogical and didactical issuesthat are
different to those of later semesters.

» The ability to optimise teaching, which saves
resources that can be better utilised for
specialisationsin later semesters.

*  Studentsareinanenvironment wheretheir learn-
ingisinfocus. Technica professionalismisequaly
in focuswith contextual professionalism and the
professionalism of project work.

* The focus is on the students’ transition from
pupilsto students.

*  Thedevelopment of general and transferableskills
benefits studentsin further studies.

e Students receive a good general entry to the
University.

e Students have the opportunity to test the study
they have chosen before making a definite
decision on aparticular programme.

e Students have the opportunity to change
programmes without losing ayear of study.

e Minimisationinthedropout rateisobserved.

e Thebasic year serves as alearning laboratory.

SUMMARY

In 2001, the basic studies at Aalborg University and
Roskilde University were evaluated by the Danish
Evaluation Institute. This eva uation concluded that the
basic year of the Faculty of Engineering and Science
at Aalborg University appears to be well considered
and has achieved a good correlation between objec-
tivesand the overall structureand individua elements
[9].

It was recommended that further investigations
should be carried out to find out why and how the
basic year manages to have a very low dropout
rate, and to make this more widely known in order to
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inspireother institutions.

This article, as well as the ideas and issues
discussed here, make the structure and content of the
basic year known to a wider audience and may be
considered apartial responseto thisrecommendation.
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