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In this article problem based and project organised learning (PBL) is studied as an educational
model to enhance student centred learning in alignment with the prevailing innovation practice.
From a theoretical point of view, theories of experiential learning and innovation are combined, and
empirically the Danish case is taken as an example investigating how employers respond to PBL
models in Engineering and Science Education in general and team-based assessment in particular.
The conclusion is that in general Danish employers highly value PBL in engineering, which speaks
for PBL as a good example of combining student centred learning in an educational context with
innovation practice in an industrial context. In particularly, employers seem to be ready to defend a
coherent PBL system with team-based assessment as core educational elements. However,
employers also stress a need for increased integration of business models into future engineering
education, which poses new challenges to the development of PBL models.
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1. INTRODUCTION

ENGINEERING IS A profession with tradition-
ally close links between engineering education and
the work place. Therefore, employers are impor-
tant stakeholders for engineering education and
their response should be taken into account for its
enhancement. In Denmark, many engineering
institutions practice a problem based and project
based (PBL) curriculum, and in recent studies on
team-based assessment, company responses turned
out to defend these teaching and learning methods
in engineering education. The fact that Danish
industry is characterised by small and medium-
size enterprises (SMEs) with limited resources to
research and development (R&D) has created
good conditions for collaboration between engin-
eering education institutions and industry. The
political framework has supported this develop-
ment, but in 2007 it was decided to ban team-based
assessments causing disturbance to the established
triple helix harmony related to engineering educa-
tion. In this article we will first develop a theore-
tical framework combining theories on innovation
and experimental learning, identifying PBL as a
good example of this approach. Next we will
present studies on employer responses to PBL in
engineering education in general and team-based
assessment in particular.

2. THEORETICAL FRAMEWORK

As noted by Henriksen [1], engineers are not,
and should not be, unconscious upholders of
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systems they do not understand. They should be
creative architects of technological systems.
However, the processes by which technological
systems emerge are complex in terms of emergence
and diffusion of knowledge and production
processes reflect the complexity by complicated
feedback mechanisms and interactive relations
[2]. In an era of globalisation, driven by swift
advances in communication, information technol-
ogy and transportation, organisational patterns of
companies have become more flexible; partnering
arrangements with other firms have become
commonplace, and participation in worldwide
distribution networks has become essential for
doing business [3]. In the late 1980s and the
1990s, innovation researchers conceptualised a
network approach [4] or a system of innovation
approach [2] to characterise these complex innova-
tion processes.

The network approach stressed that innovation
should not be seen as a product of only one actor
but as a result of the interplay between two or
more actors [4]. This does not mean that the
individual contributions to the innovation process
are not important. Rather the individual contribu-
tions can be seen as pieces of a puzzle—each
contribution is crucial, but by themselves they
are insufficient to fill in the whole picture when
confronting the challenge of innovation. This is
underlined in the system of innovation approach,
which was already introduced as a conceptual
understanding in 1988 by Lundvall [2]. The
system of innovation approach can be further
described in the following way:

The innovation process is characterised by compli-
cated feedback-mechanisms and interactive relations
involving science, technology, learning, policy and
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demand. Innovation processes occur over time and
are influenced by many factors. Because of this
complexity, firms almost never innovate isolated. In
the pursuit of innovation they interact with other
organisations to gain, develop and exchange various
kinds of knowledge, information and resources [2].

Etzkowitz and Leydesdorff have criticised the
system of innovation approach for assigning the
leading role of innovation to the companies, and
they argue instead for a Triple Helix model
of University—-Industry—-Government relations em-
phasising the importance of the tri-lateral network
relations [5]. The triple helix serves as a theoretical
framework for establishing what in practice can be
described as one of the major challenges univer-
sities are facing in the 21st century—to change the
institutional framework in order to step out of the
ivory tower and become entrepreneurs, as Etzowitz
et al. puts it [6], and at the same time obtain
integrity and independency.

A complementary development, from an indivi-
dual to a more collaborative perspective, can be
found in educational research in the experiential
learning tradition based on the influential work of
Dewey [7] and Negt [8]. In the mid 1980s, Kolb [9]
contributed significantly to experiential learning
by modeling it, which later authors like Dixon
[10] have drawn on and developed a theory of
organisational learning. According to this perspec-
tive knowledge of the individual has to be seen in
relation to the knowledge of other individuals;
knowledge is collected, diffused, integrated, nego-
tiated, developed and brought into action though
mutual interplay with the surrounding environ-
ment [10]. At the same time, Wenger [11] intro-
duced his theory on communities of practice,
characterising communities by mutual engagement
instead of organisational structures, leaving more
room for what the organisational theorist Scott
[12] has termed the open system approach.

More recently, researchers with an interest in
both innovation and learning processes utilized
these complementary developments to stress the
need for alignment of lifelong learning and innova-
tion in a globalised economy.

Nonaka and Takeuchi [13] conceptualised
organisational knowledge creation as a process
that: ‘organisationally amplifies the knowledge
created by individuals and crystallises it as a part
of the knowledge network of the organisation’.
This process takes place within an ‘expanding
community of interaction which cross intra and
inter organisational levels and boundaries’ [13:59].
Furthermore, Nonaka & Taukeuchi [13] have
stressed the importance of acknowledging tacit
knowledge in the innovation process.

Hakkarainen et al. [14, 15] propose a know-
ledge-creation metaphor emphasising learning as
a collaborative effort to enhance expertise in some
subject matters, which fundamentally relies on the
interaction between individual and communal
processes. In this way, learning is not only know-
ledge acquisition or participation in a social

community; it is also about knowledge creation.
This notion provides a way of thinking about the
genesis of new knowledge as well as providing an
approach for examining learning in terms of social
structures and collaborative processes that support
knowledge advancement and innovation.

Saywer [16, 17], working in the field of colla-
borative learning, states very clearly that colla-
borative learning is fundamental for innovation as:

No single actor comes up with the big picture, the
whole plot. The play emerges bit by bit. Each actor, in
each line of dialogue contributes a small idea. In
theatre, we can see this process on stage; but with
an innovative team, outsiders never see the long chain
of small incremental ideas that lead to the final
innovation. Without scientific analysis, the collabora-
tion remains invisible. Successful innovations happen
when organisations combine just the right ideas in just
the right structure [16: 14].

To create this appropriate web of ideas, Saywer
argues that every idea is perceived as an extension
of another, and individual creative actions take on
meaning only after they are woven into other
ideas. The social interaction in teamwork thereby
becomes crucial for the innovation process. If the
individuals of the team cannot situate their know-
ledge and express it in meaningful ways, or if they
are not capable of understanding and elaborating
on other team members’ knowledge, the collective
knowledge base for innovation is not activated.

Inspired by Wenger [11] and Saywer [16], we
define teamwork as the process of activating and
developing a collective knowledge base following a
shared engagement, and a team as the group of
individuals sharing this engagement. From that
definition teamwork skills can be defined as the
individual’s ability to express their knowledge,
internalise impressions from others and elaborate
on other team members’ knowledge (extend ideas)
to bring cognitive schemas together and create
what Dixon has termed collective meaning struc-
tures [10]. These meaning structures are materia-
lised in the product or process innovation by the
process of reification, a process described by
Wenger [11] with reference to Berger and Luckman
[18].

Like any other skills, teamwork skills have to be
facilitated through learning processes. Studies
show that teams have a performance curve that
ranges from a working-group level which is a
group of individuals, and goes through several
steps before becoming a real and high-performance
team with complementary skills and members who
are equally committed to common goals and work-
ing approaches [19].

To sum up, the attention toward teamwork
skills in order to foster innovation has developed
parallel to the technological development and the
globalisation of economy. In educational research,
the same attention towards collaborative learning
has developed based on a constructivist and
experience-based learning perspective. One of the
philosophies and methodological frameworks
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derived from that theoretical framework is Prob-
lem Based Learning.

Therefore, we will now address PBL as an
educational strategy for innovation and its value
to employability within the engineering profession.

3. PBL AS A STRATEGY FOR INNOVATION
AND EMPLOYABILITY

Over the last 40 years, PBL has been implemen-
ted all over the world. Research has shown that
PBL has turned out to be an efficient method for
students to achieve new types of process skills
(such as collaboration, project management, crea-
tivity and communication), increase students’
motivation for learning, entrepreneurship, and
collaboration with society and enhance regional
development [20-24].

However, PBL is not just one model—nor is
PBL just one type of educational practice. Since
the start of PBL universities in the late 1960s and
early 1970s, research on the PBL practice has
shown that the PBL models have developed
incredibly since the traditional Danish PBL
models and McMaster and Maastricht models in
medicine were established, as discussed by
Kolmos, Graaff and Du [25].

A second wave of mixed models have also been
developed that take into account cultural diversity
and been applied in diverse subject areas such as
health, science, engineering, social science and
humanities. Graaff and Kolmos [20, 21] have
formulated a set of learning principles common
across the Maastricht PBL model and the Danish
PBL models. Based on an analysis of problem
based and project based practices and the under-
lying learning principles, they have formulated
PBL principles that can be captured in three
approaches: learning, contents and social. The
learning approach is characterised by the learning
organised around problems and carried out through
the use of projects. The contents approach is char-
acterised by problems becoming more complex,
interdisciplinary knowledge crossing traditional
subject-related boundaries and needing to use
new methods. The social approach centres on
team-learning. Team-learning underpins the learn-
ing process as a social activity; learning takes place
through dialogue and communication. The social
approach also covers the concept of participant-
directed learning, which indicates a collective
ownership of the learning process and, especially,
the formulation of the problem.

The changing conditions due to the increasing
globalisation create new challenges and possibili-
ties for PBL as an educational model within en-
gineering and science. First of all, increased
interaction in global networks makes room for
communities of practice engaged in applying PBL
to the context of emerging economies. Secondly,
the technological development of information
technology provides different opportunities in

educational design. Third, as pointed out by
Giddens [3], globalisation is not restricted to
large, global systems. It might also be reflected in
closer regional public-private partnerships which
see the collaboration with local educational insti-
tutions as a mean to strengthen the competiveness
on the global market. Fourth, the easy access to
information and international collaboration might
also result in other project types, as the so-called
megaprojects. There are already examples of such
megaprojects consisting of several student teams
working together to combine elements in order to
develop real complex technological systems [26].

Depending on the PBL practice, the employer
perspective can be integrated into the students’
PBL process in many different ways e.g. the
identification of problems, project organisation,
team aspects, solving practical problems, solving
company problems, focusing on innovation
processes and developing prototypes or real
systems.

However, as there are different types of PBL not
all problem-oriented projects lead to all of the
above mentioned competencies. There is a basic
distinction between study projects/discipline
projects and innovation projects/problem projects.
Study projects are projects within a discipline with
clear subject objectives in order to acquire certain
knowledge. Study projects can still be based on a
problem; however, there is a limited frame for
choosing one. Innovation projects are real problem
based projects, where the students have to identity
an unsolved problem, choose a methodology for
analysing and solving the problem and create new
solutions. Innovation projects represent new
knowledge creation. The study projects fulfill
some of the employers’ requirements, however,
not all of them. Innovation projects are more like
what employers call real-life projects [20, 21].

A very important element in the curriculum is
the assessment system. Gibbs [27] has indicated
that assessments are the main drivers for students’
learning and if the assessment system is not in
alignment with the overall objectives, there is a
disturbance and unintended learning approach.
Therefore PBL will only address innovation and
complexity if the assessment system supports these
objectives.

4. RESEARCH QUESTION AND METHODS

Drawing from a theoretical framework combin-
ing theories of experimental learning and innova-
tion we have argued for experimental learning in
general and PBL models in specific in order to
train engineers and scientist for innovation. To
obtain empirical support for this argument, we
have studied how employers respond to PBL in
engineering education, taking the Danish case as
an example. The Danish case is extraordinary of
several reasons. The Danish Innovation system is
characterised by many small and medium-sized
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enterprises and low-tech but relatively innovative
firms regarding ongoing and local incremental
change in products and processes; often combined
with a high level of competence in industrial design
and advanced organisational techniques and
marketing methods [28]. As SMEs has relatively
few resources for R&D per unit, there are clear
incentives for collaboration with the state financed
HE institutions. Even with a majority of SMEs
and a private R&D spending below EU-average,
the percentage of companies collaborating with
higher education in Denmark is about average
[28]. However, as the innovations activity in the
Danish SMEs are often practical and experience
based [28], it becomes crucial for higher education
institutions to balance and mediate the synergic
relationship between theory and practice. Students
do not move from university labs to business
labs—they move from university labs to experience
based practice. This calls in specific for collabora-
tive as well as contextual skills for the partners
involved and a need for an educational model
supporting the training of such skills to get
students successfully involved in HE-industry
collaboration.

Secondly, the Danish case makes room for
investigating employers’ response to PBL, as
there has been a PBL practice for many years
and employers have become used to engineering
graduates who have been trained within a PBL
environment. Over the last ten years in Denmark,
there has been a change in the landscape of engin-
eering institutions. It went from two engineering
universities that offered both bachelor and master
levels programmes and eight university colleges
that provided only bachelor level programmes, to
having four universities offering engineering
educations at master level and three university
colleges providing only bachelor level degrees.
Despite the institutional merging, most Danish
engineering institutions still incorporate elements
of PBL into the engineering curriculum ranging
from a small-scale approach to a large-scale
approach. The types of PBL models that have
been implemented have been very much influenced
by the concrete model that Aalborg University
practices; meaning that the type of projects, prob-
lem formulation, students expectations, resources
and assessment are all found within the same type
of PBL framework, see [29] for further elaboration
on the Aalborg PBL model.

Third, the Danish case also shows potential for
comparing employer’s responses to PBL compared
to more traditional education models. Most
Danish engineering institutions have gone through
a process of change and begun integrating some
type of PBL approach—ranging from small-scale
models to large-scale models. However, at the post
graduate level, there are two institutions, Aalborg
University and the Technical University of
Denmark, which represent two opposite educa-
tional models: a PBL model and a traditional
model.

Fourth, there have been particular studies on
team assessment initiated by employer organ-
isations due to the abandonment of this assessment
method by the Danish government. Team assess-
ment is a very important component of the Danish
PBL model, and it is quite impressive that
employer organisations have invested resources in
studying this phenomena.

These considerations left us with the following
research question for the empirical research:

How do Danish employers respond to PBL in
engineering education in general and team assess-
ment in particular?

Through this empirical material the following
specific research questions will be addressed:

® How do companies assess PBL institutions com-
pared to institutions that have a more tradi-
tional educational model?

e How do employers assess higher education’s
ability to align engineering education with com-
panies’ needs?

e How do employers react to changes in the PBL-
model towards a more traditional model of
education—following on the political interven-
tion to prohibit team-based examination in Den-
mark?

In the next three sections these questions will be
addressed one-by-one. We will draw on four studies,
where it has been possible to access basic data, of
companies’ approaches to higher education. Data
has been provided by the Danish Magazine Inge-
nioeren published by the Danish Society of Engi-
neers, Danish Industry, Danish Association of
Consulting Engineers, the Danish Chairs of Exter-
nal Examiners for Engineering Studies and Aalborg
University.

5. DANISH EMPLOYERS’ RATING OF
INSTITUTIONS IN ENGINEERING
EDUCATION

The weekly magazine Ingenioen from the
Danish Society of Engineers has asked several
times for industrial employers’ opinions of engin-
eering graduates’ skills and knowledge. In earlier
surveys, the magazine found that after considering
a long list of skills and technical knowledge,
Aalborg University seemed to be rated higher
than the Danish Technical University [30].

In a recent study from Ingenioeren [31], compa-
nies are asked which engineering institution is the
best in developing engineering education according
to the needs of society and companies, see Fig. 1.

Figure 1 shows that Aalborg University is
ranked as the university that answers best to the
needs of the companies. This may not only be due
to the PBL model, but also that the PBL model is
combined with an extensive regional and national
collaboration with companies. Not all of the
students’ projects include so called company
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0%

Are there one or more institutions which you find particular good
at developing engineering education according to the needs of
society and companies? (N=209)

20% 40% 60%

Aalborg University
Technical University Denmark
Vitus Bering
University of Southern Denmark
Aarhus University
Engineering University College in Copenhagen...

Engineering University College in Arhus (IHA)

Fig. 1. Companies’ ranking of engineering

projects—but a substantial amount of the projects
are either company projects or other types of
community projects.

6. ALIGNMENT OF ENGINEERING
EDUCATION AND COMPANY NEEDS

Danish Industry has conducted several studies
among their members on employer perceptions of
university alumni. One of the studies carried out in
2008 [32] represents 67 companies (response rate of
17%) by which only half the companies employ
engineers. The alumni represent all types of educa-
tional programmes and universities and do not
particularly address PBL-institutions. The overall
aim of this study was to contribute to the political
discussion concerning the development of higher
education and formulate the industry’s voice.

As can be seen in Table 1, Danish Industry has
asked two comparable questions: In which areas
do the graduates possess the strongest competen-

institutions according to innovation.

cies and which of the competencies is aligned with
companies’ needs and the possibility for growth?
Comparing these two types of data, there are two
concerns: the ability to work in a solution oriented
environment and the ability to communicate. In
both aspects, PBL may be a solution for solving
these types of requirements. Especially the transfer
aspect, where students have to use a variety of
theories for analyzing problems, should address
such needs. However, project work does not neces-
sary address practice at a business model level.

The recent study from Ingenioren [31] also
addressed several questions concerning employers’
responses to engineering education. Figure 2 shows
that more than half of the employers want gradu-
ates to have more business models, project
management and communication in the engineer-
ing curriculum.

Comparing the results from these two studies
indicates that there is a desire from many of the
companies that graduates achieve an understand-
ing of business models and skills to work in a

Table 1. Comparison of strongest competency with needed competencies. Multiple choice

Competencies

Which of these competencies
is required by companies if
the new graduates are going
to contribute to the needs of
the company and the
possibility for growth?
N = 67 Possibility for
multiple answers (182)

In which areas do the new
graduates possess the
strongest competencies?

N = 67 Possibility for
multiple answers (149)

To work project oriented

Ability to work analytically and systematically

Ability to participate in equal interdisciplinary collaboration

Strong professional knowledge

Ability to work solution oriented and transfer theory to practice
(business models)

Creativity and innovation in solving professional tasks

Language

Understanding of cultures in relation to global market

Project management and ability to motivate others

Ability to communicate specifically and concisely—orally and written

49% 27%
30% 48%
28% 18%
25% 33%
21% 54%
19% 39%
16% 9%

9% 3%

3% 9%

1% 30%
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Understanding of business models
Project management
Communication

Specialised technical knowledge
Basic engineering knowledge
Cultural understanding
Marketing

Team work

Leadership and Management
Personel growth

Language

Law

Is there a need to change the existing engineering
educations to mach companies’ needs and
challenges? (N=183)

B More ® Unchanged mLess

40% 60% 80% 100%

Fig. 2. Need for change in engineering education.

solution-oriented environment and communicate
more effectively. The 2008 study from Ingenioeren
[31] also stresses the importance of project
management competencies. However, it seems
that the studies from Ingenioren to a higher
degree stress the need for the competency of work-
ing on projects when compared to the study from
Danish Industry. This may be caused by the fact
that the Danish Industry study includes all educa-
tional programmes, whereas the Ingenioeren study
only considers engineers.

7. DANISH POLICY ON TEAM
ASSESSMENT AND EMPLOYER
RESPONSES

Assessment is a very important component of
the PBL curriculum and there should be alignment
between the intended learning outcomes, learning
methods and assessment systems. There are many
different ways of assessing problem based projects;
however, in Denmark the traditional way has been
to run oral team-based assessment session after
submitting a final report. This practice has been
more or less the same for all engineering institu-
tions practicing PBL curricula and the oral team
assessment has been rather comprehensive
normally consisting of three types of elements:

® Students’ presentation and reflection on the
project and the final report

® General discussion of the chosen problem,
design and methodology

® More technical questions addressed to indivi-
duals in the team

A team assessment session typically took five
hours for a team of six students. The assessors,
in accordance with Danish law, are the supervisor/
facilitator of the project and in many of the exams
an external examiner from another university or
company. The role of the external examiner is to
ask questions together with the supervisor/facil-

itator and to ensure fairness. All grades were based
on the individual performance in the assessment
session.

A purely individual system requires an assess-
ment of the individual without the presence of
team members after the submission of a team’s
common report. Students now have to defend the
entire project at an individual assessment session
without any of the peers from the team. The oral
defence is between 3545 minutes. As in the team
assessment system the grade is individual.

However, since the Danish liberal government
banned the assessment of students in a team
setting, all assessments have to be carried out
individually without any other students in the
room (Governmental proclamation LBEK 280 of
21/03/2006). This has created strong reactions from
the academic staff, external examiners and
students regarding project exams. There has been
heavy debate in newspapers, online discussion
forums and on television. If you write in the two
words, ‘forbud’ and ‘gruppeeksamen’ in Google
(the Danish words for prohibition and team-based
exam), you will get almost 7000 hits. Responses
from both students and faculty staff showed a
considerable resistance towards the new assess-
ment system [33]. Because many of the external
examiners are from companies, there were also
strong negative reactions from Danish companies.
In this article we present three studies on project
assessment—two done by company associations
and one by Aalborg University—focusing on the
employer responses to the new inability to carry
out team based project exams.

7.1 Danish Association of Consulting Engineers
The first study is carried out by the engineering
organisation FRI (Danish Association of Consult-
ing Engineers). FRI sent out surveys to members
asking for their attitudes on the abolition of team
assessments [34]. Fourteen (the equivalent of about
75% of the members when counted in total number
of employers) of the largest engineering consulting
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Table 2. External examiners’ perception of old and new assessment systems.

Old team assessment system N = 1092

New individual system N = 1092

Yes 79%
Yes 16%

Did you differentiate the grades?
Was it difficult to differentiate the grades?

No 21%
No 84%

Yes 64% No 36%

firms answered the question: should the govern-
ment reintroduce team assessments?

All 14 organisations answered that they felt it
was a mistake to abolish team assessment in higher
education and that they would recommend rein-
troducing this assessment method. They believe it
is essential to be able to work in a team in real
working life and to be able to collaborate with
others. Only with team assessment is it possible to
assess collaboration skills, and many of the addi-
tional comments argued that the consulting line is
especially dependent on engineers’ ability to colla-
borate. However, many of the respondents also
indicated that the assessment of individual know-
ledge should be an integrated part of the team
assessment.

7.2 External examiners

The second study was carried out by the chairs
of the external examiners for engineering studies
[35]. These are national groups acting as external
examiners to all the engineering institutions in
Denmark. The survey was sent out to 2081 exter-
nal examiners and had a response rate of 53%. Of
the respondents, only 29% are university profes-
sors and 71% represent companies. This study has
a special focus on the individual assessment and
individual grading.

The conclusion is that 70% of the external
examiners do not regard the new individual assess-
ment system to be an improvement and find that
they do not have time to go into more depth with
scientific questions. This conclusion corresponds
to the results of a study on the different assessment
systems’ ability to capture a variety of engineering
skills. Here it is pointed out that the individual
assessment has reduced the project assessment to a
control function, testing what is memorized, and
neglecting the analytical, methodological and com-
municative skills that is used to solve technological
problems [33].

Furthermore, the study shows that differentiat-
ing the grades is not easier with the individual
system which was one of the key arguments in
banning team-based exams. On the contrary, it
seems that the majority of the external examiners
found it was easier to differentiate the grades in the
old system, probably because they were able to
compare the students to each other, than in the
new system where grades have to be given at the
end of each individual assessment session, Table 2.

7.3 Aalborg University study

This study was designed by the use of question-
naires and has been documented in six Danish
reports [36-41]. Questionnaires were distributed

to students, external examiners and faculty
academic staff at AAU (Aalborg University) and
to academic staff at several technical university
colleges. The questionnaire was distributed by
email to all faculties at AAU in 2006 and 2008,
whereas the 2007 investigation only included the
faculties of Engineering, Science and Medicine.
Although the survey was constructed to provide
quantitative data, the respondents were asked to
comment on their answers to obtain some qual-
itative data as well.

In general, when comparing external examiners’
responses with responses from both academic staff
and students, the external examiners were more
positive towards the new individual-assessment
system. However, if the group of external private
examiners is compared to the external examiners
from other universities, the private employers are
significantly more positive towards team assess-
ment than the public employers, see Fig. 3.

The immensely positive response from the exter-
nal examiners for the team assessment may be
grounded in the alignment of the philosophy in
team-based assessment and the increasing focus on
collaborative and team-based learning in industry.
A qualitative semi-structured analysis of the
comments from privately employed external exam-
iners shows that the largest part of the comments
are in favour of team assessment. There are four
types of arguments stated:

First of all, it is argued that differentiating
between grades is not made easier by the new
system, as one of the respondents stated:

® ‘The assessment is more random as you do not
get a homogeneous overview of the individual
qualifications, and you do not get an overview
of the skills and creativity at all.’

If you could choose, which assessment
method would you prefer for a project
exam:

0% 50% 100% B Individual exam

Examiners from
private sectors
2007 (N=54)

O Group based exam -
individual grade

O Group based exam -
collective grade

Examiners from
public sectors
2007 (N=49)

B Do not know

Fig. 3. The significant differences in preferences towards
assessment methods between privately and publicly employed
external examiners (Sig: 0,026).
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® ‘Compared with the team-based exam, the indi-
vidual exam is, from my point of view, a poor
alternative. The students have spent four months
preparing a project, which has professional and
maybe also contextual depth. It is almost rude to
arrange a 30 minutes exam on that foundation.
At a team-based exam the questions develop
from the simple, reaching-out kind of questions
to deeper specific questions. In a team setting, it
is easier to assess whether a student is broadly
founded in the whole project, than it is indivi-
dually in the considerable shorter period of time.
Directly opposite of the intentions, it is harder to
differentiate the grades at an individual exam
than in a team-based exam.’

® Individual assessment might give the best possi-
bilities to judge each individual whereas the
team assessment reflects reality in working life.
The risk with a team assessment is that one
judges the common product (reference to the
project report and potential material product
prepared by the team) and then how the indivi-
dual performance differs from this instead of
judging each individual on his/her own. Despite
this risk, I think that if you have made a project
together then you have to be assessed in that
type of knowledge construction and be judged in
relation to each other.

Secondly, it is stressed that the organisation of
work in PBL is similar to the work organisation in
companies, as the following quotes exemplify:

® In the real world we need candidates who can
collaborate in the process of solving problems.
In relation to this, the team assessment practice
is a nearly perfect basis for judgement. Memor-
ising knowledge is useless and should not be
addressed at all at a university.

® [ prefer team-based exams with an oral project
presentation, and team examination and discus-
sion followed by individual grading. The reason
is that the students will later be part of real life
where the ability to collaborate and enter into a
creative dialogue is essential. This means that it
is important to focus on the ability to express
oneself individually as a part of a team.

Third, comments show a concern for the lack of
discussion of the project and feedback to students.
As one examiner states:

® There is only the minor possibility of giving
general feedback on the project report since
the individual examination focuses on the spe-
cific parts.

In relation to the lack of discussion and feedback, it
is furthermore stated that in the individual assess-
ment mostly control questions are asked, leaving
very limited room for more innovative questions.
This can be illustrated with the following quotes
from the external examiners point of view:

® ‘I am disturbed about this new assessment
method as it makes the examination less

smooth and makes it into a questioning process
and not a learning process. As a person I get less
professional gain by being an external examiner,
as the discussion and the learning process of it—
which very often was present with the previous
assessment method—is now definitely out of the
picture. It is also my guess that this goes for
students and faculty examiners as well. After all,
the students have put many hours into their
project, and they have a lot of stuff they would
like to communicate and try out at the exam.’

® As an external examiner I get the biggest chal-
lenge from challenging the entire team and not
only one individual with all my questions, com-
ments and ideas. Control questions are less
challenging.

The results from both the open and the closed
questions from our survey show that without a
doubt, the majority of external examiners find the
individual assessment method inappropriate for
project exams. This is in line with the opinion
from students and academic staff.

8. CONCLUSIONS AND PERSPECTIVES

The purpose of this article was to study employ-
ers’ reactions towards PBL in engineering educa-
tion. The Danish case was chosen first of all as
PBL is dominating engineering education and at
the same time different educational models within
engineering education co-exist, but also because
elements of PBL have been challenged and even
banned in recent years. Furthermore, the authors
have access to the raw data material from several
surveys that address the reactions of employers to
Danish engineering education.

The conclusion that can be drawn from these
surveys is that competencies stressed as important
for graduates if they are to contribute to company
needs are: (1) The ability to work in a solution-
orientated context and transfer theory to practice
(understanding of business models), (2) the ability
to work analytically and systematically, (3) the
need for creativity and innovation in solving
professional tasks. The fact that Alborg University
is ranked as the top university in developing
engineering education according to the needs of
labour market together with its extensive PBL
environment, it can be concluded that the PBL
model is quite successful in aligning engineering
education with companies’ needs. PBL is regarded
as a learning methodology that leads to some of
the competencies that companies ask for and the
fact that employers ask for more competencies
such as communication and project management
also points to PBL as a methodology for the
future. Another challenge for the development of
PBL is to relate PBL models to establish business
models, since employers stress the need to change
the existing engineering education to enhance
graduates understanding of business models.
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Also concerning the team assessment, employers
stand up to defend the PBL philosophy as the
government’s prohibition of the team-based assess-
ment system has been strongly criticised by busi-
ness. Danish Industry, The Danish Chamber of
Commerce, The Danish Association of Consulting
Engineers and a long list of companies and exter-
nal examiners have argued against the prohibition
in the press, arguing that since the engineering
profession is practised in teams, collaborative
team skills should also be tested. The Aalborg
study also shows that among the external exam-
iners, the ones employed in the private sector are
the strongest proponents of the team assessment.
Again they argue for coherence between the team
assessment and the working situation in industry.

The conclusion in this article to the overall
question of considering how companies react to
the PBL systems is that, in general, companies are
positive to the graduates from PBL curricula and
their competencies are highly valued. Further-
more, in the example of the government’s prohibi-
tion of team-based exams, industry has shown to
be some of the most vocal advocates for a PBL
environment.

The innovation activity in the Danish SMEs are
often practical and experience based, and this
corresponds to the Aalborg PBL model, whereas
the project work might take its point of departure
in a practical problem; analysing the nature and
context of the problem and bringing in theories
when needed proposing suitable solutions.
Furthermore, the social and learning approach
embracing collaborative, contextual and methodo-
logical skills in the PBL model corresponds to the
organisational flexibility and triple helix collabora-

tions which is one of the key factors behind the
competiveness of Danish SMEs.

For larger companies the interest for collabora-
tion with university partners, and the incentive for
supporting PBL may differ. However, to obtain
the needed flexibility in organisational arrange-
ments in the globalised economy the collaboration
between partners and the management of stake-
holder relations becomes even more complex; and
the process skills provided in a PBL environment
seems even more relevant. Collaboration with
R&D environment in HE furthermore brings
possibilities for long term strategic research with
high economic risks.

Furthermore, for companies with extensive
R&D activities, the universities are not only colla-
borative partners, but also suppliers of human
resources. This implies competence to manage
innovation projects in a globalised and intercul-
tural environment which poses more challenges to
the social and learning approach of PBL.

In this article we have focused on the synergic
relation between innovation and PBL supported
by a theoretical framework and empirical investi-
gations of industry’s response to PBL HE institu-
tions. However, it is important to stress the need to
go beyond the bilateral relation between academia
and industry. As indicated by the triple helix
Model of University-Industry-State relations,
there are more to the P in PBL than defined by
industry interests. The challenge of PBL models in
the future is to strengthen the link to industry even
further and at the same time uphold and provide
students with academic integrity and contextual
knowledge reflecting the complex interplay of
science, technology and society.
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