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Very few institutions have a problem based learning (PBL) curriculum at an institutional level and there is therefore limited
experience with change in systemic PBL models. Aalborg University (AAU) practices an institutional PBL model, and in
2010 a rather comprehensive curriculum restructuring took place at the Faculty of Engineering and Science. The original
PBL model assessed some of the courses and projects together, whereas since the reform there is separate assessment of
each course and of the project. This article reports the findings from a study of how students have experienced this
curriculum change. An explorative mixed method study was used that included qualitative focus group interviews with 10™
(final) semester students about their experience of the change. Based on the qualitative study, a questionnaire was sent to all
10'" semester students from computer science, software engineering, and architecture and design. The findings indicate that
the students always prioritize the projects but with the reforms they experienced a significantly lower degree of integration
and coherence of the various elements in a semester. Furthermore, the alignment between project supervision and project
exam has increased in the new curriculum as the exams of courses and projects are separated.
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1. Introduction

Problem based and project based learning (PBL) is
implemented at different levels in various institu-
tions. Most commonly, the literature refers to the
implementation of PBL at a course level where
students work with minor cases or projects within
the disciplinary boundaries. This can be a very
helpful way to generate experience and trust with
new teaching and learning systems, but very often
this approach is uncoordinated at the system level or
is even outside of the curriculum as a co-curricular
activity [1, 2].

At the more systemic level there are, of course, the
reform universities such as McMaster University,
Canada (established in 1969), followed by Maas-
tricht University in the Netherlands (established in
1974, both of which started out with problem based
learning as part of their curriculum where groups of
students learned the content knowledge by studying
cases [3, 4]. In Sweden, Linkoping University was
established in 1975 and adapted problem based

"The authors are listed in alphabetical order according to
surname.
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learning in medicine in 1986 [5, 6]. During the
same period, Roskilde University (established in
1972) and Aalborg University (established in
1974) were founded in Denmark with a slightly
different model called problem-oriented and project
organized learning. For both Danish universities,
this was an institutional approach across all facul-
ties and students worked on socially relevant pro-
blems as a starting point for projects [7, 8]. The
reform universities more or less broke new ground
by building up a new curriculum and having the
freedom to rethink the role of a university and its
pedagogy. The reform universities have served as
living laboratories and proof of alternative educa-
tional practice. Since the 1990s, many institutions
have implemented PBL at a system level but this has
always been a much more difficult process as it
involves changing existing practice.

The reform universities have undergone several
changes. Neville and Norman describe phases of
major curriculum change at McMaster University
[9]. The change in the medical school illustrates the
dilemma between a more conceptual and disciplin-
ary focus and a more contextual focus. This is a
discussion that most PBL programs and universities
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recognize as it is a core element of the difference
between a traditional academic curriculum and a
PBL curriculum.

Within engineering education, the CDIO com-
munity (Conceive, Design, Implement and Operate)
represents a systemic approach to curriculum devel-
opment by including the mapping of learning out-
comes in a curriculum, integration of competences
into existing disciplines, faculty training, quality
assurance, and the establishment of professional
courses in the curriculum that are just some of the
standards which engineering institutions, certified
as CDIO institutions, should address [10]. Although
there is no claim of utilizing PBL learning principles,
there are clear synergies in the teaching and learning
approaches between PBL and CDIO [11].

This paper will present a literature review on PBL
curriculum development and show the context for
the changes that happened at Aalborg University as
well as the justification for the proposed changes
and how some students responded to the changes.

2. PBL curriculum

A project and problem based learning (PBL) curri-
culum is a student-centered teaching and learning
approach to the learning of knowledge, skills and
competences [12]. There are three dimensions in
PBL: (1) the cognitive dimension resting on experi-
enced based learning theory, (2) the collaborative
dimension involving student centered learning and
based on social psychology and learning theories,
and (3) the content dimension involving interdisci-
plinarity and exemplarity in choice of methods,
theories and real world problems [13]. Within a
contextual or/and disciplinary framework, which
states the overall learning outcomes, students iden-
tify problems that they want to analyze and solve.
The problems determine what kinds of theories are
applied and usually result in project reports. The
problems do not always need to lead to a solution,
but might also be based on exploring something
unknown.

The definition of curriculum can be slightly con-
fusing as there are several definitions and the most
common one is that a curriculum refers to all the
courses that are offered in a program, which is
basically a bottom-up perspective. Bernstein inter-
prets the curriculum through four different aspects:
the intended curriculum, the delivered curriculum,
the understood curriculum and, finally, the hidden
or tacit curriculum [14]. In creating a curriculum, it
is not enough to simply focus on all the explicit
elements but, indeed, to also consider the unin-
tended education. These four aspects of a curricu-
lum illustrate that even if we have formulated
explicit learning outcomes and have explicitly orga-

nized student-centered learning processes; the
understood curriculum or the tacit curriculum
might be very different from both the intended
and the hidden curriculum.

Today’s debates on curriculum try to take a
holistic approach that includes at least three dimen-
sions: the “what” question which addresses the
content of the curriculum and what the students
have to learn; the “how’” question as the organiza-
tion of the learning process, the pedagogy including
teaching and learning; and the assessment. There
can be more elements—but the point is that there is
interaction among the elements, and the elements in
the process will impact each other. [I€Eg involves
coherent considerations of what Biggs and Tang
would call “alignment” among all the elements [15].
The assessment system plays a particularly impor-
tant role in the curriculum, and Gibbs argues that
this is the most important element in any curriculum
as it will control students’ behavior [16]. The align-
ment of assessment in the various models is less
developed than other elements and most PBL and
assessment literature is concerned with peer assess-
ment and self-assessment methods [17-19].

Barnett and Coates address the objectives of the
curriculum and define the curriculum as knowing,
acting and being [20]. This emphasizes the nature of
a curriculum as a space for learning processes and
that the curriculum should not only address the
knowing and acting processes but, indeed, also the
being process as identity growth. In a PBL curricu-
lum, the knowledge (knowing), skills (acting) and
competences (being) are all central elements and
research indicates that students achieve a high level
of competences and skills [21-24]. The PBL curri-
culum at a system level should meet the require-
ments of knowledge, skills and competences—and
the assessment system will be a core component of
the curriculum.

Barrows has developed curricular taxonomies in
an attempt to categorize different types of case-
based and problem-based learning models ranging
from lecture-based cases to more open problem-
based learning models [25, 26]. Kolmos and Graaff
have developed a more concrete PBL curriculum
model which identifies the core elements and their
interactions, such as: objectives, types of problems
and projects, relationship between lectures and
projects, progression, organization of students’
learning, academic staff and facilitation, assess-
ment, and more organizational aspects such as
learning space and organizational support [27].
This model can be used for both analysis of the
curriculum as well as a framework for designing the
curriculum. Savin-Baden is one of the other
researchers who has developed theories for under-
standing the PBL curricula and models in terms of
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how PBL can be implemented in the entire curricu-
lum [28]. There are many models of how PBL can be
implemented in a curriculum; however, the models
illustrate how PBL can be weaved into the curricu-
lum during a whole program or at one semester. A
curriculum will always be a social construction, and
there are no right or wrong answers, but the models
serve as possible comprehensive curriculum frame-
works. In a later article, Savin-Baden presents a
series of new constellations of PBL in the curricu-
lum FREENEHKSIES the purpose of learning. The
concrete model/constellation should be aligned
with the focus of knowledge, ranging from a
narrow disciplinary focus to a broader interdisci-
plinary and uncertain knowledge construction [29].

As indicated above, there is theoretical work on
curriculum development, and, more specifically,
PBL curriculum development. When building up a
new educational practice, the conceptual develop-
ment is important, together with research on the
impact and efficiency of PBL. However, there is less
research on how the various elements influence each
other and on the students’ learning outcomes.
Assessment is a significant component in the curri-
culum but how different assessment systems influ-
ence PBL students’ learning processes and students’
learning outcomes is yet to be studied. We also know
very little about the relationship between lecturing
and students’ active projects or case work. In most
PBL systems lecturing still exists as a significant
teaching and learning method, however, we do not
know what impact a change in the amount or the
content of lecturing will have on students’ learning.
We have no research findings that can shed light on
these and many other questions.

3. Context for this study: change in the
Aalborg PBL model

As stated above, there are many PBL curriculum
models and there is a need to study the interaction
among the different curriculum elements. An
opportunity to do this occurred when the Aalborg
PBL model, which had formed the basis for the
structure of the PBL curricula for more than 30
years in the Faculty of Engineering and Science, was
redesigned into a ‘“new’’, reconstructed Aalborg
PBL model, implemented in spring 2010.

The original and redesigned models share impor-
tant characteristics: during the semester a group of
students (usually between five and eight) will for-
mulate an initial problem within the framework of a
predefined project unit theme. The students in the
group then carry out an analysis of the problem
setting and, based on this, they formulate a more
defined problem that falls within the boundaries of
their discipline.

The students then attempt to solve the problem
using a chosen methodological framework. Finally,
the students assess their proposed solution and, in
so doing, they take the results of the problem
analysis into consideration. The problem analysis,
the solution, and the assessment of the solution are
all reported in the form of a written project report.

The differences between the two models are two
important curricular aspects: assessment and the
relationship between the courses dominated by
lectures and the students’ projects.

In the original Aalborg model, illustrated in Fig. 1
[7], the so-called “project unit” covered approxi-
mately 75% of the semester and consisted of a
project covering 50% of the semester and project
unit courses amounting to 25% of the semester. All
project activities were carried out under a semester
theme. In particular, the project unit courses con-
sidered topics that were intended to be used and
evaluated together with the project. For each group
of students working on a project, the final deliver-
able of the project unit would be a project report
jointly authored by the students in the group. The
remaining 25% of the semester, not covered by the
project unit, consisted of general study courses.

In the project unit courses, the students were
given lectures and worked with assignments which
were related to the semester theme and the learning
objectives and, due to the intended close relation-
ship with the project, these courses were assessed
through a project assessment. This was distinct from
the general study courses that were targeted towards
more generic skills and competences to be devel-
oped over several semesters and not necessarily to
be used in the semester’s project unit. Courses in the
fields of mathematics and physics were typical
examples of such general courses. The general
study courses were assessed separately, usually by
either an oral or an individual written exam.

In the case of rather narrow semester themes, the
project learning outcomes could be directly related
to one or more project unit courses. Here the role of
the project was to develop the skills that students
were supposed to obtain from the project unit

The original Aalborg PBL model

0,
50 % Project courses Sh;d%/ ég#’;es
courses 7.5 ECTS .
Individual exam
One
semester -
Project
15 ECTS
50 %
project Individual assessment
in a group-based exam

Fig. 1. The original PBL model at the Faculty of Engineering and
Science for one semester.
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4
The new Aalborg PBL model
Course Course Course
50 % 5ECTS 5ECTS 5ECTS
courses Individual Individual Individual
exam exam exam
One
semester -
Project
15 ECTS
50 %
project Individual assessment
in a group-based exam

Fig. 2. The new PBL model at the Faculty of Engineering and
Science.

courses into deeper competences through addres-
sing real life problems. In cases where the project
themes were more openly defined, the project unit
courses were developed in a more ad-hoc manner in
order to address the challenges students were facing
in their actual projects. To prepare project unit
courses that could capture the diversity of the
projects, a high number of small project-unit
courses of 1-2 ECTS were developed [30].

In the new PBL model, the principle of a project
unit is abolished and project unit courses no longer
exist. The distinction is now between course modules
and project modules and there is a clear separation
between these, and the theme is now related to the
project. In each semester there are three course
modules of 5 ECTS with their own assessment and
a project of 15 ECTS (see Fig. 2). The course
modules do not necessarily complement the projects
and there is substantial variation in the various
programs how projects and courses are interlinked.
In some semesters there is a close interaction
between the learning outcomes for the courses and
the learning outcomes for the projects—in other
semesters, the learning outcomes for projects and
courses point in different directions.

3.1 Study of the reasons for change

There were several reasons for the changes. Exter-
nally, Danish accreditation bodies had pointed to
problems with the transfer of credits from Aalborg
University to other universities as the learning out-
comes and credit points were distributed between
courses and projects. The Bologna process had
required a new grading scale and the assessment of
the project unit courses became problematic when
the Danish government imposed a ban on group-
based assessments in 2007. This meant that it was no
longer possible to assess students’ learning by using
a group-based oral examination; the discussion of
the project was broken up into short individual
sessions with each student in the group examined
separately [31, 32].

Both the internal and external demands resulted
in a thorough revision of the study regulations and

the structure of the curricula. The Danish univer-
sities were also required to adapt to the Bologna
process and the change of grade-scale, but they did
not, at the same time, have to change their whole
educational structure. Even so, the grade-scale
change in itself required the imposition of consider-
able GHERASE [33].

One of the first studies of this change focused on
curriculum management and concluded that there
were too many smaller courses and it was difficult to
credit other types of courses earned outside of the
enrolled program. Furthermore, there was a desire
to develop the teaching and learning in the courses
in the direction of more active learning [34, 35].

Kolmos and Holgaard reported that one of the
biggest challenges to the implementation process
was the redesign of the project unit courses, as well
as general courses, to fit the standard of having three
courses of 5 ECTS each semester and, at the same
time, reselecting the content of the courses to ensure
that every course complied with the demand that it
should be a multiple of 5 ECTS [35]. Different
reselection strategies have been used—merging dif-
ferent subjects, excluding specialized subject areas
or moving areas of application to be considered in
the projects—Ieaving the theoretical abstractions
for the course modules, which was not the internal
intention of the reform. Kolmos and Holgaard state
that the managers found that the largest challenge in
the new model was the relationship between the
course modules and the project. The original model
also had many challenges, for instance that of
adapting the project unit courses to the projects
and that of dealing with the general observation that
students would attach less priority to courses that
were not subject to a separate examination (the
project unit courses) [35]. Despite these challenges,
the managers found that the original model also had
a number of strengths, in particular, having seme-
sters with clearly integrated learning goals and
content.

3.2 Research question and hypotheses

This study focuses on the students’ experiences with
the new PBL curriculum model. The overall
research question for this paper is: What is the
impact of the change in the PBL model on student
perception and experiences in relation to the
courses, projects, and the assessment?

This research question has led us to study the
following three hypotheses: that after the restruc-
turing of the curriculum, students now (1) experi-
ence the courses as being less relevant to the
projects, (2) experience a better alignment between
teaching, supervision and project assessment, (3)
attach higher priority to courses than previously, as
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demonstrated in relation to the priority that they
attach to the projects.

4. Methodology

The student target group consisted of 10th semester
students who matriculated in 2008. The students in
the target group had experienced the original model
during their three years of undergraduate study and
the new model during the following two years at
master’s level. Typically, the students would work
on their master’s thesis during the spring of 2013
and would, therefore, have an overview of the entire
education process. For this study we have chosen to
focus on students from architecture and design
(AD), computer science (CS), and software engi-
neering (SE) as previous studies have identified
substantial differences in the responses from these
three programs.

An explorative mixed methods study has been
conducted [36, 37] starting out with focus group
interviews followed by a more quantitative oriented
questionnaire. We performed qualitative focus
group interviews with four students from AD and
four students from CS during the winter of 2013.
Students from SE were at this point not included in
this part since Computer Science and Software
Engineering programs are quite similar (the first
two years of the B.Sc. and second year of the Master
are identical and more than half the courses in the
other semesters coincide).

4.1 The focus group interviews

Based on the conclusions from the studies of
Kolmos and Holgaard, a focus group interview
was conducted to identify core variables for the
questionnaire to be administered to all students.
This would also allow us to triangulate the data and
the conclusions [37]. The students were volunteers
who responded positively to emails sent out to all
10th semester students. Focus group interviews
were held with the CS and the AD students sepa-
rately as the programs are quite different. Each
interview took about one hour. The students in
each focus group knew each other and this cannot
be avoided when they have participated in the same
study program for almost five years. However, this
is also an advantage since we via the focus group
aimed to some extent to re-create the context in
order to understand it better. The participants
might also feel more comfortable being interviewed
amongst equals [38]. None of the interviewers had a
background within these programs but, according
to Schulz, a stranger is able to recognize the parti-
cularity of a situation with clarity [39]. Further-
more, in a focus group the participants ask
questions of each other and comment on ecach

other’s remarks, which helps the interviewer to
find out new things [38]. A critique of focus group
interviews states that they can create conformity
[40]. To avoid this the students were informed of the
objectives of the interview as an explorative phase
for identifying variables and describing the diversity
of their experiences and perceptions. The interview
style was qualitative and semi-structured as we had
specific questions that we wanted them to respond
to [41]. Such questions included: “What is the
relationship between theory and application now
and before?”, “Did you study equally hard at all
types of courses?”” and “Is, or was there, a connec-
tion between courses and projects?”’ The students
received these questions in advance. We used the
focus group interviews to formulate relevant ques-
tions to the questionnaire. The interviews were
audiotaped but not transcribed. They were reheard
several times in order to formulate the students’ self-
understandings and experiences within the focus
areas of the study [41].

4.2 The questionnaire

The interviews were followed by a questionnaire
study for all students from AD, CS, and SE during
the spring/summer of 2013. Since we wanted to
study the self-reported student experiences of both
versions of the AAU PBL model, we divided the
questionnaire into two parts: before and after the
changes. We asked almost the same questions in
each part with a few questions that only addressed
one of the AAU PBL models. Even though the
majority of the questions were similar, we did not
ask them in exactly the same way, only approxi-
mately, for the following reasons:

e There will always be a difference in breadth/depth
when going from a bachelor program to a master
program.

e The students mature naturally during their five
years of study and this may change their percep-
tion and behavior as students.

e The curricula for the master program were com-
pletely new, hence new programs always need to
be adjusted.

The questionnaire was developed in SurveyXact
and distributed to 115 students. We received
answers from 29 students (7 from CS, 11 from
AD, and 11 from SE). The response rate is, there-
fore, 25%. Krosnick states that surveys that stu-
dents fill out in class have a tendency to lead to more
neutral answers owing to the phenomenon called
‘satisficing’, where respondents choose the middle
option for fear of judgment, interruptions, or time
constraints [42]. Nulty writes that online surveys
generally have a lower response rate than question-
naires distributed on paper and if one accepts a
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confidence interval of 80%, then a response rate for
course evaluations of 12-15% s satisfactory for class
sizes between 150 and 200 students [43]. Our study is
not a course evaluation but a program evaluation,
which is not the same but, nevertheless, related. Our
response rate is, therefore, reasonable but could be
better.

The design and communication of the question-
naire builds on the advice of Oppenheim in order to
secure validity and to give as high a response rate as
possible [44]. The advice includes telling the parti-
cipants why they are important for the study, who is
behind the study, and that their anonymity is
secured. Furthermore, a questionnaire should not
be too long and its layout should appear pleasant
and conservative, and it is important to send out
reminders. Questions should be short, only contain
one question, and double negatives should be
avoided. It is also important to strive for ENeTday
language, avoid leading questions or value-laden
words. We used a 5-step Likert scale with a neutral
option, so our data are ordinal. We could also have
chosen to omit the neutral option, however Garland
writes that bias might occur both with and without
the neutral option and we did not want to force our
participants to have a specific opinion, [liill§ it was
essential to keep the neutral option [45]. The ques-
tionnaire aimed at investigating students’ views in
respect of the three hypotheses, and the questions
were coded as primarily associated with one of these
three.

For the analyses, an initial examination of the
significant differences in how the students from AD
and CS and SE answered the single questions was
carried out. Since Computer Science and Software
Engineering programs are quite similar (as
explained above), the students from these two
programs were treated as one group when com-

_ ”

pared with AD. A chi-square test that combined the
categories “‘completely agree” and “agree”, as well
as “completely disagree” and “disagree’ was used.
The only significant (alpha = 5%) difference appears
for a question about the original project unit
courses: “I had to read ahead in the project unit
courses since what we needed for the project came
later in the course” (¢*(1, N = 14) = 10.08; p = 0.01).
CS and SE students significantly agreed with this
question more often than the AD students. For all
the other questions, all answers were treated as one
group. When comparing all the students’ attitudes
to a before and after situation, the answers are not
independent and we do not know the distribution of
the population. The non-parametric Wilcoxon
Matched Pairs Rank test (2-tailed) was used to
compare the ordinal data in dependent samples in
the before and after situation.

5. Results

The students’ responses in terms of the three
hypotheses are presented and discussed below.
The presented data analysis is mainly statistical
findings from the survey, but supplemented with
the analysis from the focus group interviews. The
relatively low response rate plitSialifitationitolhow
sure we can be that the answers represent all
students. Furthermore the low number of answers
also means that the risk of type 2 errors is high, ergo
fhatvelmayiotlalivays be able to observe a
difference in how students perceive the two PBL
models, even when in fact there is a difference.

5.1 Relevance of the courses for the project

One of the questions aimed at exploring to what
extent the project unit courses in the original AAU
PBL model were, indeed, useful for the project

25

0% 25% 50%

Agree Mostly Neither
completely agree agree
nor
disagree

75% 100%
Mostly Disagree Don’t
disagree completely know

Fig. 3. Question: Some (project unit) courses were not used in the projects? Before (top), now (below).
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(which was the intention of the courses). We asked a
similar question about the courses in the new AAU
PBL model (see Fig. 3).

There is a significant difference between then and
now (z = -2.49; p = 0.013). For the original AAU
PBL model, 52% agreed that some project unit
courses were not used in the projects, whilst 88%
agreed that this was true of the new AAU PBL
model. On the one hand, this result shows that the
change of models affected the extent to which the
courses were used in the projects, which was also the
intention of the new model. FHGWeNeR, the question
equally illustrates that in the original AAU PBL, the
intention behind the project unit courses also some-
times failed since more than half of the students had
experience of a project unit course that had not been
used in their project.

One reason for this might be that, as stated above,
some projects have a narrow theme and a close
natural relationship to the courses and projects
whilst other projects were broad innovation projects
with a more openly defined project theme, hence the
focus of the project could depart from the originally
planned project unit courses. During the focus
group interviews, the students explained that some-
times the lecturers changed the order of topics
within the project unit course in order to accom-
modate the projects. Therefore, a question about
this was added to the questionnaire. We saw an
almost significant difference (z = 1.78; p = 0.075);
44% confirmed that this happened in the original
AAU PBL model, whilst only 17% confirmed that
something like this happened in the new AAU PBL
model. This means that almost half of the students
confirmed that the idea behind the project unit
course, as something that helped with the project,
was fulfilled. It might be remarkable that this also
happens to a rather large extent in the new AAU
PBL model where the idea of a “project unit” is
abolished, hence there is no explicit principle of a
relationship between courses and projects.

To further explore the relationship between the
courses and the projects, we also asked if the (single
subject) courses were relevant for projects in the
same semester and in later semesters. In relation to
whether the (single subject) courses were relevant
for the project in the same semester, the answers
were mainly positive (52% before; 46% now; z=1.3;
p = 0.211), whilst around a third chose the neutral
option (32% before; 29% now). Hence, the differ-
ence between the original and new model is not
significant. The same pattern is seen in the answers
to the question of whether the (single subject)
courses are relevant to projects in later semesters.
Again the answers were mainly positive (60%
before, 46% now; z = 1.2; p = 0.230), whilst
around a third chose the neutral option (36%

before, 29% now). The differences were not signifi-
cant. Hence, looking at the study programs overall,
both the original and new AAU PBL models
ensured that courses and projects were well con-
nected and even the single subject courses in the
original model appeared to have been useful to the
projects. Finally, some students told us in the focus
group interviews that the teaching assistants or
lecturers sometimes helped the students with the
projects during the exercise time allocated for the
(single subject) courses. We wanted to investigate if
this occurred regularly since one could argue that
this would ensure even more well-connected seme-
sters. Here we saw a significant difference in the
students’ answers (60% positive before; 29% posi-
tive now; z = 2.9; p = 0.004). What might be
remarkable is that even though the difference
between the original and the new PBL model is
significant, almost one-third of the students experi-
ence in the new PBL model that they received help {8
their projects during exercise time in the single
subject courses (the course modules).

The importance of the connection between
courses and projects was a further variable. The
students were overwhelmingly positive in their
answers to both models: 84% positive for the
original model and 79% now, with 16% and 13%,
respectively, choosing the neutral option. Hence,
there are hardly any students for whom it is not
important to experience semesters with a connec-
tion between courses and project. During the inter-
views, the students explained that they actually
found the semesters in the new AAU PBL model
well-connected and well-integrated. The students
also explained that it was generally more difficult
to gain overlap between project and courses in the
later semesters since these semesters are more spe-
cialized. They found the idea of project unit courses
more suitable for the bachelor part of the programs,
not the master level.

5.2 Alignment between supervision, teaching, and
project exam

Teaching is aligned when the learning outcomes are
formulated as operative competencies, the examina-
tion measures precisely those competencies, and the
teaching matches these competencies. Furthermore,
the assessment system has a large influence on the
students’ motivation and learning. Therefore, the
students were asked if the project supervision had
emphasized the same things that were emphasized
during the project exam. The majority answered
positively both for the original and new AAU PBL
models (respectively 52% and 92%; see Fig. 4). It
appears that the alignment between supervision and
exam is now even more aligned than in the original
AAU PBL model.
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Fig. 4. Question: In the project exam, were the same areas emphasized as had been emphasized during supervision?

Before (top), now (below).

On a question related to whether the project unit
courses in the original AAU PBL model were only
assessed to the extent they had been used in the
projects, 76% answered positively. It might appear
that the project unit courses were only rarely eval-
uated during the project exams. However, this also
depends on how much of a project unit course was
actually used in a project. An exam never assesses
everything in a course, only a selection. If a project
made use of 75% of a project unit course, the fact
that 25% was not assessed during the project exam
cannot lead us to conclude that the project unit
course was not, as such, assessed. To dig deeper into
this issue, the students were asked if they did not
read up on topics from the project unit courses that
had not been used in the project. Here, 72% agreed.
Again, if the project had used 75% of a project unit
course, it does not mean that the course, as such, was
not assessed, but it confirms that this might reflect a
complex relationship between the exam of the
project unit courses in a project exam.

During the interviews the students confirmed that
it was usually only the elements that had been used
in the project that were assessed in the project exam.
The students found that this partly made it easier to
prepare for the exam, but they also believed that this
meant that the examiner had higher expectations of
them. It, therefore, appears that the students’ beha-
vior and experience fits with what the managers
expressed in Kolmos and Holgaard [34, 35]. The
students were also asked if they paid attention in the
project unit courses since they did not always know
what elements of the course they would use in the
project; 56% agreed whilst 12% disagreed. It
appears that the students still paid attention in the
course, not because there was an exam but because
they wanted to ensure that they took in everything

that might be useful for the project. This may be an
example of a situation where a missing alignment
between the exam and the teaching does not affect
the learning.

5.3 Priority of course exams in relation to the
project exam

Prioritizing projects or courses during a semester
before and after the reform was an important issue.
In the original AAU PBL model, the project had a
significantly higher priority than the courses (z =
4.19; p < 0.0001), the same is the case in the new
AAU PBL model (z = 2.85; p = 0.002). Also, since
the students were in their 10th semester, we assumed
that they would be able to assess to what extent the
courses and/or the projects were important for their
education. Regarding the courses in the original and
new AAU PBL models, 80% and 75%, respectively
(z=0.17; p = 0.865), found the courses important
for their education. In terms of the project, the
number who agreed was even higher; 92% and
96% respectively. Comparing the courses and pro-
jects in each of the two AAU PBL models shows
that the projects were judged to be significantly
more important than the courses in both models
(before: z = -2.61; p = 0.009; now: z = 247, p =
0.014).

Similarly, change in students’ behavior when the
examination was approaching was a question. With
regard to whether the project exam received the
highest priority towards the end of the semester,
the answers for the two PBL models were almost
identical (before: 63% agree and 17% disagree; now:
58% agree and 21% disagree). On the other hand, in
response to the question of whether the (single
subject) course exams received the highest priority
towards the end of the semester (see Fig. 6), we see
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Fig. 5. Question: Do (single subject) course exams receive highest priority towards the end of the semester? Before

(top), now (below).

an almost significant (z=-1.85; p = 0.064) change of
answers (before 36% agree and 24% disagree; now:
63% agree and 17% disagree). The (single subject)
course exams, therefore, receive higher priority now
than in the previous model.

Thus, 58% agreed that after the reform the project
exam received the highest priority towards the end
of the semester, whilst 63% said the same about the
course exams. One might note that the total percen-
tage is higher than 100% but the reason may be that
for some students all exams receive highest priority,
which makes sense in everyday language. The
difference is, furthermore, almost significant (z =
1.83; p = 0.067).

6. Discussion and conclusion

6.1 Conclusions

Three hypotheses were formulated for this study:
that after the restructuring of the PBL curriculum at
AAU, students would (1) experience the courses as
less relevant to the projects, (2) experience a better
alignment between teaching, supervision and pro-
ject exam, (3) attach higher priority to courses than
before, as seen in relation to the priority that they
attach to the projects. Although the number of
respondents is small and although these may con-
flate experiences from their bachelor program with
experiences from their master’s program, the results
still raise some important issues for the construction
of PBL curricula.

In relation to the first hypothesis, the findings
indicate that some project unit courses were not
used in the projects in the original model, and even
fewer in the new AAU PBL model. This illustrates
that the change of models affected the extent to
which the courses were useful to the projects. Even

though the project unit no longer exists, it is not
uncommon that projects draw from material taught
in the courses in the same semester, or previous
semesters. It is also important to the students that a
semester is connected and well-integrated but they
have experienced less integration now compared
with before. One might argue that this result is a
given since one major change in the AAU PBL
model was the abolishment of the project unit,
hence it would be unlikely that the students would
experience a more integrated semester in the new
model than in the old. However, what is interesting
here is the rather large extent to which the semesters
are still integrated in the new model. This supports
the earlier study Wil the managers, namely that this
integration was secured through individual lec-
turers being willing to swap the order of subjects
during a course. The study also shows, and confirms
the statement from the managers, that in the origi-
nal model, the project unit courses might not always
have fulfilled their objectives.

In relation to the second hypothesis, there
appears to be a larger alignment between super-
vision and exams today than previously. This might
be due to the grade-scale stipulating the requirement
for such a connection or it may be that the new
project module has a more straightforward objec-
tive when it only covers the projects. According to
the exam in the original AAU PBL model, the
project unit courses were not assessed beyond
what had been used in the projects. An interesting
result here is that it appears that the students still
paid attention to the courses, not because of an
exam, but because the courses contain useful dis-
ciplinary knowledge for their projects. This might
provide an example of a situation where a missing
alignment between an exam and the teaching does
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not affect the learning and where, if the students are
engaged in the learning process, the exam does not
determine their learning in a PBL system.

In terms of the third hypothesis, the survey shows
that students always attach a high priority to the
projects and it is clear that the students emphasize
the project work to a large degree. It is interesting
that the students now place more emphasis on the
course exams than on the project exam. This might
be a consequence of a more fragmented semester but
it may also be the case that because more ECTS are
now taken up by courses (and each course is larger
in extent), a change to exam priorities might have
been expected.

6.2 Discussion

The findings from the change to this PBL model
might be quite interesting as educational researchers
to a large degree refer to the constructive alignment
hypothesis as a “basic rule” in higher education [13].
The results appear to demonstrate the accuracy of
this hypothesis for the PBL curriculum as the
students do react to more course exams and have
to focus more on the courses in order to pass the
exams. On the other hand, the findings also indicate
that in a PBL system, exams might play a minor role
if the students are engaged in the learning process.
This is actually the case when implementing PBL in
countries where national tests exist and academic
staff have no possibility of influencing the exam
system. By stating this, it is not claimed that con-
structive alignment does not apply as a theoretical
frame for PBL curriculum, but only that there might
be other factors influencing an outcome of a curri-
culum, such as engagement and motivation.

There may never be an ideal curriculum—there
will always be advantages and disadvantages. How-
ever, the combination of the various curriculum
components do have an effect on students’ learning
and no matter which PBL curriculum construction
is developed, it is important to analyze the potential
pitfalls for less engagement and learning.

A further, more general, question that can be
raised from this study is concerned with whether
everything should be assessed in a curriculum? In a
PBL curriculum, there will be a larger differentia-
tion between the learning outcomes at a knowledge
and understanding level, which might be found in
the courses, and the deep learning outcomes at an
analytical level, which are associated with the pro-
jects. There is a basic belief that students only learn
what is attached to an exam—and the results from
this study actually indicate that this is not the case.
The students in a PBL system might be more
focused on the relevance of knowledge for the
analysis and solution to the problems posed by
their projects. However, in a PBL system there is a

risk of educating learners who are too instrumental
and only focused on the application and relevance
of knowledge for their projects instead of the more
general discipline education. One could say that this
might have been one of the drivers for the change.
Emphasizing the importance of disciplinary knowl-
edge and the balance between disciplines and social
context is a constant variable in the development of
a PBL curriculum.
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