Chapter 2
Developments in Engineering Education and
Engineering Education Research in Europe

Erik de Graaff

2.1 Introduction

Our civilisation is highly dependent on engineering. We need engineers to design
and manage the tools that our lifestyle requires, from mechanised agriculture to
electronic gadgets. Without exaggeration, we can say that engineering education is
the key to future success. This chapter aims to present an overview of the develop-
ment of engineering education in Europe. The cultural diversity of so many different
nations results in a fragmented picture of the historical developments with examples
from just a few countries. The original economic-driven initiative of the European
Union (EU; The European Coal and Steel Community, ECSC) established in 1951
paved the way for a political union and a desire to extend the collaboration to other
areas including higher education.

An important step in this development was the signing of the Bologna declara-
tion by the ministers of education of 29 European countries on 19 June 1999. The
Bologna declaration propositioned a European Higher Education Area in which stu-
dents and graduates could move freely between countries, using prior qualifications
in one country as acceptable entry requirements for further study in another. In the
wake of the Bologna declaration, an ambitious tuning project was started aiming to
equate the different systems of higher education while maintaining the rich diver-
sity of European education and the independence of academic and subject special-
isms. As a result, Europe is more and more able to set uniform goals and to develop
a common policy in promoting Europe as a knowledge society.

Furthermore, this chapter presents an overview of the present situation of engi-
neering education and the development of engineering education research (EER),
which is subsequently analysed to provide a foundation for a vision of future de-
velopments.
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2.2 A Historical Perspective on Engineering in Europe

2.2.1 Introduction

Engineers have built Europe. All over Europe, man-made structures dominate the
landscape. Without engineers, half of the country of the Netherlands would disap-
pear below the waves of the North Sea. Europe also played a major part in the
development of engineering. After a few early engineering feats, like the pyramids
in Egypt, the hanging gardens in Babylon or the great wall in China, the initiative
moved to Greece and later Rome. The Greek contributions to mathematics greatly
helped the development of engineering. In the sixth century B.C., with the applica-
tion of geometry principles, the Greek engineer Eupalinos managed to dig a tunnel
through Mount Kastro at Samos, starting from the two ends and meeting in the
middle.

Engineering accomplishments are a hallmark of civilisation. However, besides
grave monuments and temples, most practical engineering throughout the ages has
been carried out in a military setting. For instance, the Roman army employed engi-
neers to construct roads, bridges, fortified campsites and war machines. To intimi-
date the Germans, Julius Caesar made it a point to build a bridge across the river
Rhine, just to show he could.

2.2.2 Emergence of Higher Engineering Education

In many Western countries today, engineering education still has a background in
the military. For instance, in Holland the first engineering school was established in
1600 at Leiden University on the initiative of the military leader of the young Dutch
republic Prins Maurits. Under the name ‘Duytsche Mathematicque’, the school
aimed to train land surveyors and builders of fortifications.

In France, the Ecole Polytechnique was established in 1794, named ‘Ecole
Centrale des Travaux Publics’. When Napoleon came into power, he adapted the
regime at this engineering school, introducing military discipline. Since then, the
Ecole Polytechnique developed as a place where the French military and policy
elite received their schooling. Years later, the French engineer and mathematician
Poincaré analysed the functionality of the French system of engineering education
in order to explain the loss of the French in the war against Germany (Galison
2003). At the other side of the Atlantic, the third president of the USA, Thomas
Jefferson, established the first engineering program in America at the military acad-
emy West Point in 1802.

The transfer to the civil environment and the establishment of an academic sta-
tus took quite some time. The development of Delft University of Technology (TU
Delft) in the Netherlands can serve as an example. On 8 January 1842, King Willem
II founded the ‘Royal Academy for the education of civilian engineers, for serving
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both nation and industry, and of apprentices for trade’. The academy also educated
civil servants for the colonies and revenue officers of the Dutch East Indies. Just
over 20 years later, the Royal Academy was transformed into a polytechnic school,
bringing the school under the influence of the rules applying to secondary educa-
tion. This school went on to educate architects and engineers in the fields of civil
works, shipbuilding, mechanical engineering and mining during the rest of the nine-
teenth century. It was not before 22 May 1905 that an act was passed, acknowledg-
ing the academic level of the school’s technical education—it became a Technische
Hogeschool, or an institute of technology. The institute was granted corporate rights
by an act passed on 7 June 1956. Recognition of the institute as a university of tech-
nology had to wait until 1986.

Engineering is foremost a practical profession. In the old days, the way to learn
a craft was to start working as apprentice to an established craftsman. The mas-
ter—apprentice system was formalised in medieval times. A student had to stay in
the service of the master for a fixed period before he could prove his skills with a
master-test and become a full member of the guild. This way, the guild protected the
quality of their profession. Institutionalisation of engineering education in Europe
dates back to the eighteenth century. Research and science were closely connected
in the formation of technology and were the basis in engineering education. In the
nineteenth century, when the most engineering schools were established, there was
a clear pedagogical idea: to teach science and to present research.

2.3 The Current Status and Impact of Engineering
Education Research

2.3.1 Introduction

Since the end of World War II, participation in higher education—including en-
gineering education—increased substantially. As a consequence, higher education
changed dramatically, from highly individualised personal study plans to pro-
grammes for mass education and lecture theatres with several hundred seats. Pres-
ently, engineering education in Europe is developing towards a common market.
A specific goal of the Bologna declaration is to promote mobility among (engi-
neering) students in Europe. As a consequence, universities are also engaging in
an international competition to attract students. It is not surprising that presently
we observe an increasing interest for improvement and innovation in engineering
education. All over Europe, ‘Centres of Expertise in Learning and Teaching’ within
universities are being established or, in case of older existing institutes, reinstated.
The position of such institutes in the university organisation is by no means clear,
and also the tasks and responsibilities vary widely from one university to the next.

In most cases, the position within the organisation is not stable and varies with
every change in local university politics. For instance, at TU Delft in the Nether-
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lands, originally an educational service centre was created in the central univer-
sity staff bureau. In the mid-1980s, a scientific department was established, headed
by a full professor on university teaching and educational development in higher
education. When the professor left, just before the turn of the century, the depart-
ment started to dwindle. Finally, the section was split up in a research group and a
teacher-training centre (De Graaff and Sjoer 2000). A few years later, the research
group was discontinued, and the last member of the original group left TU Delft at
the end of 2011.

The conclusion of the cycle of events depicted above is twofold: First, a univer-
sity of technology needs expertise on educational innovation in higher education,
and second, it is not clear where this educational expertise should be positioned in
the organisation. Below, different organisational positions of educational expertise
centres at Dutch universities will be explored from a historical perspective (De
Graaff and Sjoer 2006).

2.3.2 Research and Development Centres in the 1960s

Europe has a respectable tradition of social scientists researching engineering edu-
cation (de Graaff and Borri 2006). During the 1960s, the number of students enroll-
ing in higher education increased dramatically. As a consequence, universities had
to adjust their teaching methods in order to deal with mass higher education (Wieg-
ersma 1989). Innovation and improvement soon became keywords in dealing with
this issue. In a scientific environment, it seems natural that research plays a major
part in order to establish a solid foundation for quality improvement. However, in
order to achieve that, a major gap needs to be bridged. As it was put by a reporter
at the end of the first national convention on Research of Higher Education in the
Netherlands, Eindhoven, 27-28 April 1966: ‘If one wants to improve the quality
of teaching in higher education, then, first of all it is necessary to establish contact
between the following two groups of people: those who are concerned with the
teaching of science and those who are engaged with the science of teaching’ (Vroei-
jensteijn 1981).

At the beginning of the increase in interest for research on higher education, the
Dutch schools of technology played a central part. The third national convention on
Research of Higher Education was organised in Delft, 15-16 January 1976 (Vroei-
jensteijn and van Woerden 1976). At the opening of this conference, the minister
of higher education addresses the position of the Research of Higher Education (in
Dutch, Research van het Wetenschappelijke Onderwijs, RWO) centres. The min-
ister points out that the position of the RWO institutes differs markedly from that
of other research institutes because their finances are drawn directly from the uni-
versity funds. Although the financial position of the RWO institutes is sound, the
positioning of these institutes into the university organisation is difficult. The gap
between research and application of the outcomes is one of the problems singled out
by the minister. Since the average university professor does not have enough time
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Table 2.1 Educational units in Dutch higher education during the mid-1980s
Scientific department in one of the faculties

Rotterdam

Maastricht

Scientific department with professional teacher training
Utrecht

Leiden

Research institute with an affiliation to the local university

Amsterdam

Nijmegen

Groningen

Educational centres as part of the administrative university staff
Amsterdam (free university)

Delft (technical university)

Enschede (technical university)

Eindhoven (technical university)

Tilburg

Wageningen

to study educational science along with his own profession, the minister states: ‘it
is not surprising that it is hard to implement new educational insights in the practice
of higher education’.

One might say that Research on Higher Education became a booming business
during the 1980s. The respective institutes were allowed to hire more and more
researchers. The various educational centres joined forces in an informal network
of Centres for Research on Higher Education (CRWO). The network includes both
general universities and universities of technology. The CRWO network continued
to organise study conferences (Bartelds et al. 1987). Also, a section Higher Educa-
tion was established as a thematic group operating within the national framework
of educational researchers. The CRWO has played a major part in the start of edu-
cational research in the Netherlands. More recently, the CRWO transformed into a
society of professional educational consultants in higher education (EHON).

By the time of the fourth national convention on Research in Higher Education
in 1981, research institutes were established at or in close relation to most universi-
ties. Although some of these institutes were strictly service oriented (notably the
educational service at TU Delft), most were research departments with their own
scientific staff, fitting to the trend in industry of establishing ‘Research and Devel-
opment Centres’. Table 2.1 lists the organisational positions of educational units in
the mid-1980s.

The classification above is not beyond debate. In some cases, staff units style
themselves as research group. The presence of a professor with an assignment of
research in higher education is taken as primary criterion. Such professors were ap-
pointed at the scientific departments and at some of the research institutes, but not
at a staff unit. However, starting with this grouping, in the next section, we can have
a look at the changes taking place in the following years.
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2.3.3 Emerging of Consultancy and Training Centres

Despite the initial optimism, the problem of a deficient connection between re-
search outcomes and educational practice in higher education only became bigger.
In part because the researchers tended to become more and more involved in their
own theories and in part because the teachers did not apply the same sound scien-
tific methods they used for their own professional field to their teaching tasks (van
der Vleuten 1997). The logical consequence of this gap was a growing pressure on
the RWO institutes from their financers to spend less time on scientific research
and invest more in innovation projects with a concrete and measurable outcome.
Gradually, the institutes drifted apart. Some institutes even adapted to the style of
commercial consultancy firms and managed to continue the growth process. Oth-
ers turned into research institutes drawing on research funds; the ones who were
more dependent on the primary stream of university funding tended to lean more
heavily on consultancy and training. In some cases, the research-oriented depart-
ments were curtailed and repositioned within the universities’ administrative staff.
An example of this development is Rotterdam where the Erasmus University first
closed down its department of educational research completely. A few years later,
a new institute was founded, focusing on consultancy rather than on research. As
related in the introduction, something to the same effect happened in Delft. Also at
Twente University, a successful educational unit was downgraded in size as well as
in organisational position. In Eindhoven, the Educational Service Centre was finally
closed down. It is interesting to note that a recent study could not find evidence
supporting a relationship between satisfaction with the operation of the institute
and particular positioning in the organisation. Apparently, each solution has its own
benefits. Table 2.2 summarises the situation in 2006.

Educational research institutes that acquire their main funding out of research
grants tend to operate rather independently of the host university. University man-
agement appears to be unhappy with this independent position; consequently, they
prefer to organise the educational consultants as a staff unit with limited or no re-
search tasks. As a consequence, scientific research in higher education is cut short.
What started out as research-based institutes aiming to sustain innovation in higher
education through scientific research ended up as consultancy units supporting ex-
isting practice. Yet, if you aim for the highest quality, educational innovation based
on applied research of higher education is needed (de Graaff and Kolmos 2013).

2.3.4 Revival of Educational Research

In the past years, EER has been on the rise once more all around the world (Borrego
and Bernhard 2011). Engineers more and more often carry out their own education-
al research. In the USA, the book Scholarship Reconsidered (Boyer 1990) had a big
impact. Ernest Boyer argued that the intellectual rigor of scholarly activities should
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Table 2.2 Educational units in Dutch higher education in 2006
Scientific department or institute

Utrecht

Leiden

Maastricht

Amsterdam (free university)

Groningen

Heerlen (open university)

Consultancy or research institute with affiliation to the local university
Amsterdam (UvA)

Nijmegen

Rotterdam

Enschede (technical university)

Educational centres as part of the administrative university staff’
Tilburg

Eindhoven (technical university)

Wageningen

Delft (technical university)

be extended to encompass four interrelated activities: discovery, integration, ap-
plication and teaching. The Scholarship of Teaching and Learning aims to improve
student learning and is usually motivated by a teacher’s interest in how students in
their own classrooms are learning (Huber and Hutchings 2005).

In the USA, the National Science Foundation (NSF) makes substantial funds
available for EER. Universities like Stanford, Purdue and Virginia Tech have fast-
growing departments for research on engineering education. Also in Australia and
Asia, the trend to strengthen engineering education through research and innovation
is manifest. The contributions of the USA (and Australia) dominate the worldwide
network on Research in Engineering Education (REES).

As we have seen, many universities in Europe have their own locally funded ed-
ucational support centres. However, as most of these centres focus on consultancy
and training, there is not much room for research. Altogether, it appears to be harder
to raise funds for educational research in Europe than it is in the USA. Apparently,
the financing system of the European projects does not favour the topic of EER.
An explanation can be found in the EU system of applying for funding. Brussels
provides ample funding for European projects aiming to improve research and edu-
cation in Europe each year. However, research and education are administered by
two different directorates: the Directorate General (DG) for Education and Culture
and the DG for Research and Innovation. The topic of EER has the misfortune to
fall between these two directorates. In the long run, this could mean Europe runs the
risk of falling behind compared with the rest of the world in a research area where
it once had the lead.
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2.4 Methods of Engineering Education Research

2.4.1 Methodological Diversification

In the beginning, research on higher education was conducted by social scientists,
employing their own set of research methods (see Sect. 3.1). As engineering educa-
tion develops as a field of applied research in its own right, more and more teachers
with a background in technology and the natural sciences are involved. A character-
istic of a fully developed branch of science is an all-embracing research methodol-
ogy. The following criteria define a scientific discipline:

»  Well-established chairs
* A public debate on research methodology
* A coherent theory, distinct from other domains

Presently, engineering education fulfils the first criterion. There are chairs in en-
gineering education established around the world. The other two criteria appear as
yet to be more difficult. The debate on research methodology is starting both in the
international engineering education journals and in conferences and seminars.

Presently, practitioners of EER either have a background in natural sciences or
in social sciences, or in both disciplines. As a consequence, EER uses methods both
from the natural sciences and from the social sciences. Researchers will have to mo-
tivate their choice between quantitative and qualitative, as well as mixed methods
research designs. The choice of methods depends on the worldview and of course
on the research questions. In general, quantitative research implies that there are
some well-developed theories that need further confirmation. Qualitative and mixed
methods research aims at building theoretical understanding from a more diffuse
starting point (Creswell 2009).

2.4.2 A Taxonomy Proposal for Engineering Education Research

EER is a rich field of investigation. It covers research on learning and teaching in
all engineering disciplines and also in supporting sciences, like physics, chemistry,
computing and mathematics, which form the scientific base of engineering research
(Malmi et al. 2012). Furthermore, EER also applies theories and research method-
ologies from social sciences, like education, psychology and sociology, to inves-
tigate many-faced aspects of learning and teaching engineering. In order to get an
overview of the whole field, there is a need to look at both: what is being researched
and how the research is carried out.

Different types of studies require a different selection of methods. The literature
reports an abundance of research strategies, suitable for various purposes. As a con-
sequence, it can be hard to compare research outcomes and relate different studies
to each other. In order to gain an overview of the research in a particular field—and
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to take notice of gaps in the topics covered—taxonomy is needed. In a joint initia-
tive of the Société¢ Européenne pour la Formation des Ingénieurs (SEFI) working
group EER and Line B of the EU project EUGENE, a series of workshops were
organised aiming to construct a taxonomy for EER from a European perspective
(de Graaff and Kolmos 2010). The resulting proposal for a taxonomy was tested on
conference and journal contributions (Malmi et al. 2010, 2012). Based on these pa-
pers, the section below summarises the outline of the European taxonomy for EER.

The taxonomy could be used as a measurement tool to reveal differences be-
tween various publication forums, thus giving suggestions for authors where to
submit certain types of papers. Furthermore, it could make visible hidden trends
or emerging research paradigms in the field. By clarifying the difference between
case reports and research papers, we can also point out how the scientific level of
papers should be increased when we aim at more generalisable results and deeper
insights. The taxonomy could also be used as a reference when the publication fo-
rums are defining review criteria for different types of papers. At the moment, we
see it clearly problematic that the review criteria in many conferences and also in
some journals do not give clear enough guidelines both for authors and for review-
ers concerning what is expected for the papers.

Finally, as EER is gradually gathering recognition as an emergent field moving
from the margins to the mainstream (Streveler and Smith 2010, NEERC 2006), a
taxonomy can help to provide a map of the terrain for new scholars entering the
field. We expect the results of this analysis to provide us with data supporting the
goal of building recommendations to improve scientific writing in the EER com-
munity (Table 2.3).

2.4.3 Publication on Engineering Education Research

An active research field requires a platform for publication of research findings. In
the beginning, the social-science-based researchers used to publish their findings
primarily in their own professional journals and conferences. This habit emphasised
the gap between the researchers and the field of practice. Only on special occa-
sion—for instance, with an invitation as guest speaker at an engineering education
conference—would they address the community of engineering educators directly.

In Europe in the 1970s, this community started to organise itself. The first inter-
national society aiming at uniting engineering teachers was Internationale Gesell-
schaft fiir Ingenieurpddagogik (IGIP), founded in 1972 at the University of Kla-
genfurt (Austria). In the German language, IGIP stands for Internationale Gesell-
schaft fiir Ingenieurpadagogik. A year later, the European Society for Engineering
Education, known as SEFI (the French acronym for Société Européenne pour la
Formation des Ingénieurs), was established in Belgium. Both societies offer the
opportunity to present experiences, ideas and research on teaching and learning in
engineering at annual conferences. A few times, these conferences have even been
organised jointly, allowing members of both societies to mingle. Shortly after its
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foundation, in 1975, SEFI initiated the publication of a quarterly publication. At
the start, the journal was a mixture between a society newsletter and a platform for
scholarly articles on engineering education. Since 1975, European Journal of Engi-
neering Education (EJEE) gradually became more focused on research papers and
review articles with a theoretical foundation.

In the USA, the American Society for Engineering Education (ASEE) Journal of
Engineering Education (JEE) has a much longer history, publishing on engineering
education for over 100 years (Wankat 2004). A third journal, with no ties to a spe-
cific organisation, is the International Journal of Engineering Education. Presently,
there are also several other national journals on engineering education, for instance
in Australia and Brazil.

International recognition indicates that JEE and EJEE have developed into lead-
ing journals in the field of engineering education (Osorio and Osorio 2004).

Recently, this was confirmed by the keynote presented by Phil Wankat at the
40th Annual SEFI conference in Leuven. Together with a few colleagues, he made a
bibliometric analysis comparing the US-based JEE with the EJEE. The paper based
on the text of the keynote is published in the EJEE (Wankat et al. 2014).

The analysis clearly demonstrates that both journals gradually developed a more
pronounced research orientation: ‘Initially there were little or no research papers in
the 70°s and 80’s and then there was gradually increasing research content’ (Wankat
et al. 2014). The conclusion of the study states that both journals became more fre-
quently cited and that there was a qualitative evolution in breath of scholarship with
increasingly interdisciplinary research articles with more collaboration and more
references. While the international character of both journals also evolved over the
40 years, geographical spread is notably broader in EJEE.

During the past years, several new conferences and symposia created new oppor-
tunities for presenting studies on engineering education, like the international Re-
search in Engineering Education Network (REEN) and the International Research
Symposium on Problem-Based Learning (IRSPBL). Also a number of online jour-
nals emerged, further enriching the possibilities of engineering education research-
ers to publish their work. In any case, nowadays there are ample opportunities for
publishing.

2.5 The Future of Engineering Education and Research
in Europe

2.5.1 Introduction

To achieve the political ambitions of Europe as a knowledge society, we need many
engineers with leadership skills and creativity who are capable of coping with the
increasing complexity of the technological foundations of our society. To train engi-
neers who can meet these challenges, we need to innovate our approaches to teach-
ing and learning at the universities of technology and polytechnic schools.
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Participation in higher education is expected to remain at a high level. A lot of
efforts are made trying to attract more young people to choose a career in engineer-
ing. Engineering could possibly attract more female students, and most importantly,
as some people say that the present day half-life of technical knowledge is said to
be less than 5 years, modern engineering requires a lifelong study. As a consequence
of this development, the ability to access and manage information becomes more
important than knowledge per se.

A fundamental change of the process of teaching and learning is the result. In
fact, this may be one of the most striking factors of change in the present era. Tradi-
tionally, the primary task of teachers is transfer of knowledge. A teacher possesses
expert knowledge or skills in a particular field, which consists of the basis of teach-
ing. For a long period of time, lecturing has been the dominant educational format
in higher education. As a dispenser of knowledge, the lecturer used to be respon-
sible for both the content and the structure of teaching.

Due to the rapid developments of information and communication technology
(ICT) over the past decades, the old-fashioned method of lecturing is now all but
obsolete. The increased use of ICT leads to an increase in the dynamism of or-
ganisations. Consequently, people in those organisations will have to learn to deal
with new and unexpected situations. Teachers in higher education for instance will
have to face the fact that they do not hold the monopoly on knowledge anymore.
Information is freely available and can be accessed from anywhere at all times.
Moreover, in many areas, the state of the art is changing so rapidly that it is hard for
teachers even to keep up with their students.

All over the world, institutes in higher education have seen this change coming,
and they have tried to adjust to it in various ways. Internet and e-mail are widely
used as means for communication between teachers and students. Learning content,
full text as well as supporting slides, is available online.

Following the example of the open courseware project of Massachusetts Insti-
tute of Technology (MIT), several universities make learning content of their study
programmes available for free on the Web. Materials may comprise streaming video
lectures, interactive Web demonstrations, homework problems and exams. A recent
trend is to offer massive online open courses (MOOC:s).

Nowadays, students can exercise their skills in many ways supported by soft-
ware packages rather than by a teacher. However, several people already recognised
that it does not suffice simply to transfer the old content to the new media. To take
full advantage of the opportunities offered by the ICT technology, the learning en-
vironment needs to be redesigned completely.

2.5.2 Scenarios for Future Developments

The challenge for the field of higher education is to take full advantage of the wealth
of opportunities that are opened through the new teaching and learning tools. In
order to prepare a policy for dealing with higher education/research relations in
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Europe, a Strategic Analysis of Policy Issues - European Technology Assessment
Network (STRATA-ETAN) expert group was set up by the EU in December 2001
with the mission to prepare a Foresight report. The 21 members of the expert group,
chaired by Maurice Godelier and rapporteur Etienne Bourgeois, come from a wide
variety of countries (EU states members, Accession countries and Canada) and dis-
ciplinary background. Each one of them wrote ‘issue papers’. In 2002, the final
report of the STRATA-ETAN Expert Group on Foresight for the Development of
Higher Education/Research Relations was presented (Bourgeois 2002). The follow-
ing section draws upon the issue paper I prepared for the STRATA-ETAN Expert
Group (De Graaff 2002).

In this issue paper, I propose two scenarios depicting projected developments
in higher education. The focus of the first scenario is on the potential of individual
freedom and self-direction in learning. The second scenario highlights the collec-
tive aspect of collaboration and communication in teams. A development that is
deemed unavoidable is a further differentiation in the tasks of a teacher. In both sce-
narios, three different teacher roles will be identified: the facilitator, the educational
designer and the assessor.

Scenario 1: The Individualist

As a result of the rapid technological development, an increasing number of
tools are available that reduce our dependency on other people. In order to prepare
a text for printing, an author used to need at least a dozen people, skilled in typeset-
ting, layout, correction, etc. Presently, anyone with a PC can easily deliver a cam-
era-ready print proof, corrected for spelling errors and grammar. An example even
closer to the school can be found in the widely available software packages that
support learning to speak a foreign language. Until recently you needed an expert,
preferably a native speaker, to correct your pronunciation—a tiring exercise, boring
both for the students and for the teacher. Nowadays, a student can do these exercises
whenever and as many times he wants. The advantage of not needing anyone will
tempt some people to isolate themselves. They can get whatever they need and they
can do whatever they want without having to see anyone.

The Individualist as a Facilitator As a facilitator, the individualist has a hard time.
He will have to focus his attention on the interaction process among learners, and, in
a sense, act as an expert in group dynamics. The individualist tends to feel uncom-
fortable in this position, and he will easily fall back in the old role of the expert pro-
viding the answers. It is not so much that the individualist is incapable of fulfilling
this task; he will probably not enjoy doing it.

The Individualist as an Educational Designer In the role of a designer, the indi-
vidualist probably feels more at home. However, the present-day educational design
projects usually involve teamwork. Even if the creative spark of the individual con-
stitutes an essential element in the design process, the filial of each member’s con-
tribution depends on the ability to communicate and co-operate. The individualist
will have to learn to compromise in this respect in order to become an effective
team member.
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The Individualist as an Assessor The role of the assessor also involves a strong
element of communication. However, in this position the individualist retains the
authority of the content expert. In order to be successful in this task, it is important
that the individualist learns to be specific with respect to the criteria that he applies.
Such criteria specifying the core characteristics of expertise within a particular
domain are at the same time concrete learning objectives for the students.

Scenario 2: The Team Player

As a result of the rapid technological development, things get so complicated
that you cannot virtually do anything on your own anymore. A single person nev-
er will possess all relevant information. Therefore, in order to achieve something
worthwhile, you need the participation of others. Each individual tends to focus
on his own specialty. Sharing the own expert information with other team mem-
bers becomes a crucial skill. Presently, organisational structures are becoming more
flexible, and teams within organisations are only temporary structures. The ideal
team member is adapted to the volatile interpersonal relationships within a network
structure.

The Team Player as a Facilitator The team player usually feels quite comfortable
in the role of a facilitator. The main risk with this type of person is that he becomes
too much involved in achieving the objectives. When there are problems in the
group, he may tend to give practical solutions rather than helping the group to find
their own way out. When the group is doing fine without his advice, such a person
may feel obsolete and frustrated. However, a natural team player has the ability to
enjoy the sharing of experiences in the team, including his own.

The Team Player as an Educational Designer Present-day educational design is a
typical team task. This teamwork calls for specialist expertise in particular domains,
creative ideas and critical reflection on the input of others. As a member of such a
team, a teacher who is a natural team player can fully blossom.

The Team Player as an Assessor The role of the assessor will be less easy for a team
player. Judging others is usually not the best way to inspire collaboration within a
team. A team player will tend to emphasise the feedback value of an assessment
and hesitate before taking pass/fail decisions. A common error in project work, for
instance, is the tendency to focus on the collective group product and to neglect the
individual contributions. Another problem in this respect is that the assessor may
feel insufficiently equipped to judge the overall performance, as this will go beyond
his own area of expertise. However, in general, team players can operate satisfac-
tory as assessors, provided they feel the assessment does justice to the individual
team member.

Maybe at first glance, the two scenarios depicted above appear to be mutually
exclusive. However, it is possible to regard the scenarios as the two extreme ends
of a bipolar scale. Training teachers to operate effectively within the emerging new
structure of higher education involves getting them to know themselves. The sce-
narios could be used as a point of reference.
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2.6 Concluding Remarks

For a long time, Europe dominated the world in political and economic respect as
well as in culture and science. France, Germany, England, Italy and even a small
country as the Netherlands competed mostly among themselves. The Industrial
Revolution started in Europe and spread around the world from there.

It was a bit of shock to recognise the increasing impact of former colonies like
the USA at the beginning of the last century. For some, it may have lasted until after
the World War II before they could accept the fact that Europe was no longer at the
centre of world power.

With the political and economic power, the centre of gravity of science and
technology also shifted. For years now, the five highest-ranking universities in the
category Engineering and Technology of the Times Higher Education World Uni-
versity Ranking are situated in the USA. Different ranking systems show a slightly
different picture. In the Shanghai ranking, the top 11 positions are taken by US
institutes. However, the Quacquarelli Symonds (QS) ranking allows three universi-
ties from the UK, two from Switzerland and one from Singapore in their top ten.
The QS ranking is also the one that most clearly shows the on-going worldwide
development, with increasingly high rankings for universities from China and other
countries in Asia. The power balance is shifting again, and science and technology
seem to follow.

In the meantime, these past years we have experienced a period of economic
crisis. In particular, Europe appears to have been hit hard, spreading from banks to
governments. As a result, now all over Europe, budgets for higher education are be-
ing cut. When things get difficult, people tend to play safe. Universities, like com-
mercial companies in trouble, tend to choose to layoff tenured staff. As the Delft
professor of economics of innovation Alfred Kleinknecht (2013) points out in his
farewell lecture, letting go people too easily is detrimental for innovation.

Unsurprisingly, the funding of research on higher education has become prob-
lematic. Yet, in order to increase the efficiency of our universities, we still need
research to find out what really determines the effectiveness of learning in higher
engineering education. Economising by sending away the experts that can direct
this research may prove highly inefficient in the long run. As far as engineering
education is concerned, Europe is truly becoming the land of the setting sun, unless
we manage to build a machine to reverse the tide.
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