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Mr. Rector Magnificus, ladies and gentlemen. 
Over the past three years, the Eindhoven University of Technology (TU/e) has gone
through a major reform of its bachelor education that appears to have delivered
the positive effects that were aimed for. In this inaugural lecture I want to explain
the genesis of the reform, how it took shape, and, in particular, highlight the
evidence base for the change; it was not a gamble or a coincidence. We will see
that there has been a world-wide debate on the Engineers of the Future, partly
because of a changing world and partly because of the dwindling attractiveness 
of engineering studies for our youngsters. I will show how TU/e has responded to
challenges and how this has worked but also that there are still significant
improvements to be made. Numerous faculty and staff have contributed to the
birth of the Bachelor College by studying literature and by looking to other
bachelor programs worldwide. Two particular sources of inspiration have been 
MIT and the University of Utrecht. But it all started by Taskforce Redesign
Bachelorcurriculum (2011) who decided to act as if money and time were not
constraints and dreamed about the ideal program to educate the engineers of 
the future. 

Introduction
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The Taskforce was not the first group to think fundamentally about the
engineering education design and the future requirements for engineers. Over the
last ten to fifteen years, significant thoughts have been given to the future of
university education and specifically to the future of engineering education. There
are five main drivers for this discussion: challenges to the engineering profession,
a foreseen shortage of engineers, a paradigm shift in education from ‘instruction’
to ‘learning’ , radical changes in the way youngsters learn and new ways in which
education can be facilitated (blended learning).
The National Academy of Engineering (2004) in their report ‘The Engineer of 2020:
Visions of Engineering in the New Century’ presents a vision on the changing
world and the consequences for technology development. According to the NAE,
changes in the engineering profession and engineering education follow changes
in technology and society and in fact should anticipate these changes. 
Since the future is unpredictable, the task of universities is to educate engineers
who are able to make meaningful contributions both in gradual and in disruptive
technology as well as in societal developments. Engineers of the future should be
broadly educated; prepared to become ethically grounded global leaders in
business and public; able to serve as global citizens who can balance the gains
from technology with possible negative effects. 
In their report, the NAE not only addresses the future of engineering education but
also consider the current state of affairs of engineering education in the United
States. They identified some stark problems. Universities and colleges together do
not attract sufficient numbers of young people who are interested in becoming an
engineer. Furthermore the drop out in the first year is high (40%). In order to
attract more students, from a different pool, and retain them the NAE suggests
that engineering schools should introduce less rigorous engineering programs and
allow for more liberal education. Such programs will no longer produce ready-to-
practice engineers but more technologically literate students who are better
prepared for the challenges in the future.
The education of such a new type of engineers is, according to the NAE, necessary
for the American engineer to compete with the rapidly growing number of Chinese
and Indian engineering graduates who have comparable traditional knowledge
and skills at a more economical price. The newly educated engineers should be

Engineers of the future
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more than a commodity; they should add unprecedented value to their companies
or to society and, as a result, form a positive professional identity and sense of
tradition that engineers are often lacking compared to medical doctors, lawyers
and scientists.
In order to attract new students and retain them, not only must the content of
education change but also the way of educating. The creativity of engineering
should engage students early in their engineering education and faculty must
understand the variability in how students learn and adapt teaching methods to
the learning preferences of individual students, and prepare students for a lifetime
of learning.
The debate on the engineering education and profession in the United States is
summarized in the comprehensive Millennium Project of the University of
Michigan (Duderstadt, 2008). Duderstadt pulls together the outcomes of the
various studies on engineering and adds that it will be necessary to adapt
education to new generations of learners with an approach to learning which is
highly nonlinear, by making use of information on the web and MOOCs of
renowned universities. Students thereby should be challenged to actively take
responsibility for their own learning experiences and outcomes thereby preparing
themselves for lifelong learning. 
In order to meet the demands of modern society for different roles and types of
engineers Duderstadt claims it is essential to achieve far greater diversity among
the graduated engineers. 
The analysis of the position of engineers and their future in Britain by The British
Royal Academy of Engineering (2007a) to a high extent comes to findings
comparable to those of the NAE but adds that engineers will be increasingly
required to deliver complete solutions rather than merely isolated products or
processes and that for engineers to work effectively in a business environment
they need communication skills; team working skills and business awareness
alongside the classic sound knowledge of disciplinary fundamentals, mathematics
creativity and innovativeness. 
In the Netherlands the Dutch association for engineers and engineering KIVI NIRIA
(2009) explored expectations with regard to the profile for the engineer of the
future through interviewing a diverse group of stakeholders. The report concluded
that the engineer of the future should have a T-shaped profile. The vertical part of
the T refers to a sound basis in a technical discipline and the horizontal part to the
requirement that such an engineer also has the ability to solve complex problems,
taking into account the relevant environmental factors and stakeholders in the
design process. The engineer should be a team player who can lead a
multidisciplinary team.
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Probably the most far reaching experiment that started as a reaction to the
analysis of the NAE and others was OLIN College. The F.W. Olin Foundation, after
providing more than fifty years of funding for university buildings, decided to
establish an entirely new institution with a new mindset and a new and
continuously innovating educational approach to engineering. The essence of the
new approach was that, in the same way that students at an academy of music
start playing music from day one onwards, engineers should start designing and
building as an engineer from day one, rather than spending semesters, or even
years, taking prerequisites in math and science before doing any engineering
(Miller, 2014). The results of this experiment in which students were immersed in
engineering assignments that seemed impossible to complete without proper
disciplinary knowledge was that students astonished themselves and their
teachers in what they could achieve based on independently acquiring the
necessary knowledge from the library and internet and by asking to-the-point
questions to supervising staff. Students had the experience that they exceeded
their own expectations and became very enthusiastic and motivated about the
study of engineering. The educational program at Olin College starts with three
classes in the first semester that provide hands-on experiences in several areas of
engineering. And throughout the curriculum, students stay engaged by working on
projects connected to real-world challenges. Faculty act as coaches, mentors and
advisers, providing just-in-time instruction and helping student teams find the
resources they need. Faculty also teach more traditional courses in Science,
Technology, Engineering and Math (STEM) and Arts, Humanities and Social
Sciences (AHS). In some cases courses and projects are intertwined. AHS and
entrepreneurship education at Olin College, though outsourced to two nearby
colleges, are part and parcel of the curriculum and intended to broaden the
education of the future engineers. 

Changes in the established engineering programs in the United States may not
have been so abrupt and far reaching as at Olin College but have, to a great
extent, travelled in the same direction.

Examples of changes in 
engineering education 
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Since its foundation, the Massachusetts Institute of Technology (MIT) has stood to
the promise of its motto: ‘Mens et Manus’ in offering extensive hands-on training
in the laboratories as part of the engineering curricula. In 1969 hands-on learning
got a new dimension with the introduction of the Undergraduate Research
Opportunities Program (UROP)1. The idea of and funding for UROP came from
Edwin H. Land, the inventor of instant photography. In 2011 88% of the graduated
bachelors participated in at least one UROP project during their time at MIT. 

In 1992 hands-on learning opportunities at MIT were once again extended with the
establishment of the Edgerton Center. The Center’s learning by doing programs
include subjects in engineering and imaging, and challenging projects such as the
Electrical Vehicle, the Marine Robotics Teams and the Robotics Futbol Club. D-lab
as part of the Center offers students the opportunity to apply their math, science,
engineering, business, and social science skills to make a real impact on people
living in poverty.

Since all these opportunities for hands-on education are outside the curriculum,
The Task Force on the Undergraduate Educational Commons (2006) suggested to
also include this learning experience in the curriculum by introducing project-
based learning, especially in the first year, where students are typically not
engaged in extra-curricular activities. Hands-on learning would better connect to
students’ learning experience in high school, keep them motivated in their
freshmen year, and strongly affect how they learn and perceive the relevance of
what they learn.

Although this has not been implemented on a large scale yet, MIT has introduced
various active learning techniques at the course level, such as Technology-Enabled
Active Learning (TEAL), Conceive-Design-Implement-Operate (CDIO) and xTutor.
Particularly in large, introductory courses the traditional teaching methods used –
excellent but passive lectures – appeared not to match with how students actually
learn, often resulting in first-year students not grasping fundamental concepts. In
the TEAL concept, groups of students in a high-tech classroom take short lectures,
conduct hands-on experiments, discuss problems, and do pencil-and-paper
exercises. Concept questions are discussed and answered through an electronic
polling system.

1 MIT History website: http://libraries.mit.edu/mithistory/institute/offices/undergraduate-research-
opportunities-program-urop/
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MIT was also the first engineering university to introduce Humanities, Arts, and
Social Sciences in the curricula after The Committee on Educational Survey (1949)
concluded that, in addition to the science and engineering fundamentals, there
should also be a clear curricular focus on the mastery of problems arising from the
impact of science and technology on society. Today the HASS Requirement
consists of eight courses, together about 25% of students’ total class time2.

Though educational innovations at MIT seems to have pre-dated the NAE
suggestions to radically change the engineering education, recent reflections by
MIT faculty suggest further improvements are still needed, for example to better
integrate the HASS subjects with science and engineering and expand the use of
diverse pedagogies such as project-based and blended learning and to study new
approaches to student assessment.

2 MIT History website: http://web.mit.edu/hassreq/index.html
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In 2011 the situation at the TU/e was very much comparable with the situation in
the US indicated by the NAE. From 1994 to 2010 the freshmen intake for the TU/e
was more or less constant at around 1000 per year while the student intake in the
technical programs in the Netherlands in that period increased by almost 30%.
Student drop out at TU/e from 2005 to 2009 was on average 32% after one year of
study. In the second year an average of 8% dropped out and even in the third year
there was still a considerable drop out of about 6%. The yield in the bachelor
programmes is generally defined as the percentage of students that enter the
second year and finish their bachelor studies in four years, one extra year
compared to the three years a BSc programme should take. This yield was 38% in
2005.

Based on the analysis of the engineers of the future and the awareness that the
situation at the university was socially no longer acceptable, TU/e formulated the
following ambitions:
• Educating the engineers of the future with:

- A firm disciplinary basis; 
- A broad skill set including:

• Collaborative and communicative skills
• An entrepreneurial attitude;
• Educated for lifelong learning.

- The ability to work in multidisciplinary teams;
- A diversity of graduate profiles, ranging from those with an in-depth

mastery of the discipline to those with particular strength in
multidisciplinarity and the application of technology within the societal
context;

- The ability to identify and address the problems arising from the impact of
science and technology on society;

- The ability to operate in a globalizing world
• Higher intakes: rising from 1200 in 2011 to 1700 in 2020 by attracting new

target groups especially female students;

Eindhoven University of
Technology
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• Reduced drop outs: falling from 35% in 2011 to less than 20% in 2015 by:
- Better accommodating the transition from secondary education to the

university;
- Increasing student engagement using a range of techniques such as

creating space for electives and incorporating active learning;
- Making it possible to switch from major while minimizing time lost.

• Increased number of students graduating within four years: from 38% in 2005
to 70% in 2015 by:
- Offering more motivating programs that fit the ambition and talents of the

different students;
- Making the education more efficient by activating the students and giving

ample feedback;
- Increasing the success rate of exams by offering students more structured

support and opportunities to better prepare themselves for the tests.
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In order to achieve these ambitions all degree programs were redesigned
according to the same principles:
• 50% dedicated to discipline-specific courses, which together form the major as

a disciplinary anchor (see Figure 1);
• 17% for six basic courses: Calculus, Applied Physics, Modeling, Design as a

common basis for the Eindhoven Engineers; Professional Skills embedded in
the discipline-specific courses and USE (User, Society, Enterprise) basis
making students aware that professional engineering involves more than just
technology;

• 25% for a considerable number of free electives, and
• 8% for restricted electives together forming the so-called USE component.

The TU/e model for the 
bachelor programmes

Major

30
credits

15
credits

45
credits

90
credits

Electives 

Basis courses 

USE: User, Society and Enterprise

Figure 1

The Eindhoven model for the bachelor education
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A firm disciplinary basis
As indicated before, a firm disciplinary basis will always remain the most
important prerequisite for graduates to make a meaningful contribution to society
and to the engineering profession. A study conducted among key informants from
British engineering industry explains to some extent what is meant by ‘technical
skills’, which are perceived as a core requirement for future engineering
graduates. According to the interviewees, graduates’ understanding of
engineering principles needs to be grounded in the fundamentals of a particular
discipline as well as in the mathematics of engineering. The key dimensions of
technical skills that emerge from this study are theoretical understanding,
technical breadth and practical application (Spinks, Silburn, & Birchall, 2007).
In the reformed TU/e bachelor programs students acquire a discipline-specific
basis in their major and four of the five basic courses provide them with a broader,
general engineering basis: Calculus, Applied Physics, Modeling and Design. The
disciplinary base thus makes up a minimum of 60% of their degree program. 

A broad skills set
Over the years, the engineering profession has changed and evolved. Major
drivers for these changes include the growing awareness of the importance of
technological innovation to economic competitiveness, the exponential growth of
information and ICT, corporate downsizing, outsourcing of engineering services to
developing countries, rapidly evolving technologies, and globalization (Duderstadt
2000; Shuman, Besterfield-Sacre, & McGourty, 2005). In order to face the
technological, economic, global and societal challenges in a rapidly changing
world, 21st century engineering graduates need more than just technical
knowledge and skills in order to be successful in their work and lives. New
technologies as well as the profoundly more complex problems that 21st century
society poses, require the ability to work in interdisciplinary engineering teams in
order to provide innovative solutions and to take into account a range of social,
environmental, cultural and ethical issues (Duderstadt, 2008). 

In order to be successful in their future work and lives these engineering
graduates will need to develop the so-called 21st century skills (Binkley et al, 2010;

Educating engineers for the 
future
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Partnership for 21st Century Skills, n.d.; Voogt & Roblin, 2010). Skills (and
attitudes) often mentioned, include collaboration, communication, information
and ICT literacy, social and cross-cultural skills, creativity, innovation, critical
thinking, decision making, flexible problem solving, adaptability, openness,
learning to learn and entrepreneurial skills.
Feedback from employers and from graduates indicates that graduates often lack
such skills (De La Harpe, Radloff, & Wyber, 2000). 

Five basic professional skills 
Evidence from educational research suggests that learning is situational:
knowledge and skills are most likely to be learned effectively in the disciplinary
context, preferably in a setting that mirrors the workplace as closely as possible.
Students need to have opportunities for professional skills development within as
many subjects as possible during their education, which means that teaching
these skills becomes the responsibility of the subject-specialist (De La Harpe et
al., 2000). 

The TU/e-wide Taskforce Redesign BSc Curriculum (2011) recognized the
significance of developing more than just the technical skills and knowledge of
engineering graduates. They characterized future engineers as being
multidisciplinary, innovative, entrepreneurial, communicative, collaborative and
lifelong learners. Based on this characterization a set of five basic professional
skills was defined in the preparation phase of the implementation of the TU/e
Bachelor College: the ability to communicate, collaborate, reflect, plan and
organize, and deal with information. Becoming a lifelong learner includes the
ability to self-direct one’s own learning process and learning outcomes, to
organize one’s own learning, to manage time effectively and to reflect critically on
learning process and learning outcomes (European Communities, 2007). As part of
the reformed bachelor programs, students get the opportunity to develop their
ability to reflect on their own learning. The other aspects of lifelong learning are
integrated to a much lesser extent. Entrepreneurial skills have not been included
in the basic skills set. Content-wise, however, students are introduced to the
entrepreneurship perspective through their USE-component, which can be further
extended by taking the partly extracurricular Technology Entrepreneurship
certificate program.

Results sofar
TU/e decided to embed the professional skills in major-related courses, thus
allowing for a meaningful and natural integration of these skills. Evaluations to
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date, however, reveal mixed results. Student surveys reveal that, according to first-
and second-year bachelor students, professional skills are not offered in a
meaningful way, students do not receive useful feedback and their learning with
respect to these skills is limited (scores range from 2.7 to 2.9 on a 5-point Likert
scale). Successful implementation seems to be hindered by a number of factors:
the lack of alignment between the skills development and the courses in which
they are taught, the impression given by faculty that they are not responsible for
teaching such skills, the enormous administrative process that was introduced
and the availability of time-saving tools for feedback on and assessment of
students’ skills development. 

Operating in multidisciplinary teams
In a study on how to prepare engineering students for 21st century leadership NAE
advises all Engineering programs to enable students to have a multidisciplinary
experience (Olson, 2013). Because even though a strong disciplinary foundation is
seen as a requirement for engineering graduates, it takes more than this to
address the ‘Grand Challenges’ of today’s society. These challenges comprise
complex systems problems, the solution of which requires multidisciplinary
thinking and collaboration. To some extent interdisciplinarity has long been a
feature of the engineering disciplines, some of which, like Mechanical Engineering
and Biomedical Engineering, are interdisciplinary by nature. But engineering
practice tells us that the interdisciplinary nature of new technologies and complex
system problems requires more and more interdisciplinary engineering teams. 

From an industry point of view, the best engineering degrees achieve the right
balance between scientific and technical understanding, and their practical
application to solving complex, ‘real world’ engineering problems. Since
engineering curricula are quite overcrowded, skills such as multi-disciplinarily
should be embedded across them: students need to get the opportunity to use
‘soft’ skills in the context of technical skills (The Royal Academy of Engineering,
2007b). In another study, key informants from industry confirmed this. They saw
interdisciplinary project work as very useful in providing students with the
opportunity to apply theory in order to create or build something as well as
providing a complete systems view (Spinks et al., 2007). 

TU/e students are offered various contexts in which they can learn aspects of
multidisciplinarity through Bachelor College. Some of the basic courses are mono-
disciplinary content-wise but students with different disciplinary backgrounds
work together. In other basis courses such as Modelling and Design, and in the
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USE component of their programs, students work in multidisciplinary teams on
assignments or projects that require multidisciplinary input. In the USE
components, the assignments and projects that students do also require
knowledge from non-engineering disciplines and provide them with the
opportunity to learn from and work with non-engineering experts. What students
do not learn in these contexts is collaborating with students from non-engineering
fields.

Different graduation profiles
In the Millennium Project study referred to earlier, Duderstadt (2008) claims that it
is essential to create far more diversity among engineering graduates. The highly
different demands of modern society, the emergence of new technologies at the
microscopic and macroscopic level, and the emergence of a global economy all
suggest new engineering challenges and opportunities, which necessitate highly
diverse roles and types of engineers. This requires engineering education to
prepare students for different roles such as systems engineers (complex systems
design), “master engineers” (innovation), engineering scientists (fundamental
research) and engineering managers (leading global enterprises).

In one of the Royal Academy of Engineering studies mentioned previously, Spinks
et al. (2007) arrive at a similar conclusion. From an industry perspective they
identify three different roles for future engineers: the engineer as specialist
(technical expertise), the engineer as integrator (technical or organisational) and
the engineer as change agent (creativity, innovation and leadership).

In line with these international studies, one of the ambitions TU/e set for the
reform of the bachelor (and master) education is to create opportunities for
students to graduate with different profiles, ranging from disciplinary in-depth to
multidisciplinary and specialized in societal embedding. For master students,
several roles have been suggested by the Graduate School: designer, researcher,
teacher, entrepreneur, manager and contributor to the major challenges facing
society. Bachelor students in the new programs can make their own choices in the
free elective space, they can decide which of the ten USE packages they are going
to take, they can take double majors, they can opt for additional courses or for
extracurricular programs such as the TU/e Honors Academy, they can do an
internship as part of their free elective space and they can choose their own focus
for their final bachelor project. Outcomes of student survey show that around 20%
of the 2012 student cohort intended to choose electives outside their own
discipline. By the following year (the 2013 student cohort), this percentage already
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increased to 36%. Next year we will evaluate the actual set of chosen electives
and investigate the various bachelor graduation profiles that are evolving.

Address the impact of science and technology on society
Stephan, Michael, Michael, Jacob, and Anesta (2012) argue that it was not until
halfway through the 20th century that engineers started to develop an awareness
that engineering and technology are strongly related to society. The application of
new technologies such as nanotechnology and bionics to, for example, the
medical field will have a far greater impact than can presently be imagined.
Engineers should enable society to become aware of the positive and negative
consequences of technological progress before they implement such innovations
in people’s everyday lives. Engineers therefore have the responsibility to act with
anticipation and insight, and to weigh the opportunities that new technologies
offer, against existential risks (Stephan et al, 2012). In the ABET’s Engineering
Criteria this is referred to as ethical responsibility, understanding the impact of
engineering solutions in a global/social context and exhibiting knowledge of
contemporary issues. Galloway (2007) also argues that ethics is considered to be
one of the fundamentals of engineering practice and students therefore need
appropriate ethics training in order to serve society.

TU/e Taskforce Redesign Bachelorcurriculum (2011) recognized the importance of
ethical and societal responsibility for future engineers as well as the ability to take
the broader context of engineering and technology into consideration, and the
ability to identify and address the problems that might arise from the impact of
science and technology on society. Inspired by the HASS requirements at MIT, this
resulted in the introduction of the USE basic course (User, Society and Enterprise)
and ten USE packages from which students need to choose one. The USE basic
course focuses on the history and ethics of technology and engineering, and
serves as a preparation for the USE packages. The USE packages offer students
the opportunity to apply discipline-specific knowledge in the context of the user,
society and enterprise. They also allow student to develop the ability to identify
and address the opportunities as well as the problems that might arise from the
impact of science and technology on society. 

From surveys amongst the first generations of Bachelor College students it is clear
that, although they value the teachers, the extent to which students enjoy taking
the USE basic course is still in the ‘unsatisfactory’ range. This could be for the
same reason that students at MIT are seldom in love with HASS courses. They, like
the MIT staff, resisted the introduction of HASS as they wanted to strongly
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prioritize the vocational side of education, while excluding (wherever possible) all
nontechnical activity (The Committee on Educational Survey, 1949).

With respect to the USE packages most students are reasonably satisfied with the
coherence of the packages and in general enjoyed the course sequence as a
whole. For all students the most important point of improvement is to increase the
students’ time spent on tasks. For some students a better alignment of USE with
their discipline is necessary.

Operating in a globalizing world
For a small country like the Netherlands, with a history of being outward-facing
and active all over the world, it is evident that higher education has to prepare the
workforce for international oriented jobs. This is strengthened by the shift of
economic growth in the last decades within Brazil, Russia, India and especially
China, the so-called BRIC-countries. Companies are increasingly operating on a
global scale. TU/e is part of the Brainport region an ecosystem of an international
network of high tech industries. These companies are also internationally oriented
in their recruitment but they also highly value local talent. This is especially the
case for the medium and smaller companies that to some extend have to rely on
Dutch speaking senior staff with an open mind for international cooperation.
Consequently in its vision on education the TU/e put a strong emphasis on
educating students who are able to cooperate and communicate in an
international context (Meijers & den Brok, 2013).

In the Netherlands the overall majority of the university students finish both a
bachelor and a master program. Also at TU/e the combination of these programs
together are seen as indispensable to acquire the necessary qualifications to enter
the job market. Internationalisation is typically addressed in the master program
where every student is strongly advised to spend a period abroad, studying a term
at a university or doing a research traineeship. Nevertheless also in the bachelor,
specifically the second part of the third year is scheduled in such a way that
students are able to spend a period abroad. It is foreseen that this will only be
realistic for the better students that did not run into delays. It is too early to
evaluate whether this opportunity is inviting enough on the part of the students to
make use of this possibility. 
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An insufficient student intake was not a problem unique to the TU/e. Nationwide,
the intake of students in science and technology related programs, at all levels,
has been disappointingly low and inadequate to serve the needs of industry and
society in the Netherlands. Many arrangements have been made by the Dutch
government and industry to counteract this shortage, one of which was the
institution of the Platform Bèta Techniek3 in 2004.
Based on an analysis, the Platform concluded in 2011 that many youngsters have
the talent for science and technology and have the ambition to contribute to the
society but do not see how a study in science and technology can bring them
closer to such a future (Platform Bèta Techniek, 2011). A consultation of high
school rectors confirms this. Students who take biology, for example, are generally
looking for jobs in the health sector or in any case a career involving ‘something
with people’. The TU/e bachelor programs did not seem to prepare them for such
jobs. Research to some extent supports this position of the rectors (Markteffect,
2011). 
The challenge, according to the Platform, is to realize an inspiring experience with
science and technology in a context that is appealing to youngsters with and
intrinsic as well as extrinsic motivation for technology (Deci & Ryan, 1985). The so
called Bèta Mentality model developed for the Platform distinguishes four bèta
types: inherently motivated for science and technology, extrinsically motivated

Higher and more differentiated 
student intakes

3 Platform Bèta Techniek website: http://www.platformbetatechniek.nl/home

Inherent

22%
17%

28%
33%

Career Techs

Socially minded generalists

Non Techs

Figure 2

The distribution of all high school students per bèta type 
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mainly because of an envisioned career, motivated for the use of technology to
address societal challenges and of course the group that is not motivated for
science and technology. Figure 2 below shows the percentages of all high school
students per bèta type. This research was repeated for a representative group of
799 students with an N-profile, the potential student intake for TU/e bachelor
programs (see Figure 3). 

An internal survey of the students within the bachelor program at the TU/e in 2011
showed that the university mainly attracted the intrinsic motivated students: 66
percent of the students belong to this segment which comprised only 24% of the
potential target group. The segments of the intrinsic techs and the career techs are
mainly populated by male students (74% and 70% respectively) and the socially
minded generalist segment consists mainly of female students (62%). It was clear
that for higher intakes the bachelor programs should become more attractive for
more target groups and, more specifically, for female students.
Based on this information the TU/e decided on the one hand to introduce two new
majors that clearly showed the possibility of combining interest in technology with
interest in people: Medical Sciences and Technology, and Psychology and
Technology. On the other hand show that the large free elective space allows
students to choose between further deepening in the chosen discipline or
broadening the discipline with in-depth attention for a theme or an application
area. A “Beam Your Dream” campaign was launched, in which high school
students’ technology dreams were projected on clouds and famous buildings. This
campaign showed that different youngsters have different engineering dreams, for
example: “I dream to be the next Nobel prize winner in informatics”, “I dream of a
new memory for my grandpa”, and “I dream of hovering cars” (see two examples
in Figure 4 and 5).

Inherent Techs16%
24%

22%38%

Career Techs

Socially minded generalists

Non Techs

Figure 3

The distribution of high school students with a N-profile per bèta type 
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The communication at open days for students of the last years of high school was
changed from mainly giving information about the disciplinary programs to
offering the possibility to experience what science and engineering is all about.
Such an approach is supported by research of van Griethuijsen (2015) who proved
that youngsters’ interests, though earlier in their education, depends mainly on
the views they have on science and scientists.
From Figure 6 we can see that TU/e has been very successful in increasing the
bachelor intake.

Figure 4

An engineering dream in the campaign: “I dream of 
clothing adapting itself to the weather”

Figure 5

An engineering dream in the campaign: “I
dream of cars solving traffic jams themselves”
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Student intake in the bachelor programs of TU/e over the years
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The number of bachelor students who drop out in their first year of study can
either be reduced by measures that help students stay on board or by measures
that prevent prospective students from choosing an engineering education that
does not match with their talents, interests and ambitions. In 2011 this drop-out
rate of students directly coming from secondary education was as high as 35%.
The target drop-out rate for first-year students has been set at or preferably below
20%.

Various measures have been taken to keep more first-year students on board. In
their first semester students are guided by a student-mentor. Student-mentors
help first-year students make the transition from secondary education to
university. This includes, amongst others, the development of study skills. Other
measures, which include the introduction of interim tests and hands-on learning,
are presented and discussed below. Finally, the design of the reformed bachelor
programs enables students to switch to another major during or immediately after
their first year without causing too much unnecessary study delay. In 2012-2013
6.1% of first-year students made use of this option and in 20130-2014 this
increased to 8.1%. 

In order to optimize the match between students’ talents and interests on the one
hand and the program they want to choose on the other hand, matching activities
were introduced in 2012, partly enforced by a new law. Though the average drop-
out rate for first-year students was 19.1% in 2013 – 2014, for five majors this drop-
out rate was around 25% and for one major it was as high as 35%. In addition,
first-year students could be more positive about the extent to which their program
meets their expectations content-wise (3.8 on a 5-point Likert scale). Based on
these results the decision was taken to redesign the matching activities in such a
way that prospective students get an adequate impression and realistic
experience of what the first year of their chosen program entails. In addition they
get an individual interview and an advice on their suitability for and match with
their chosen program. This new setup gives ample opportunities to analyze
matching, drop-out and their relation. 

Reduced drop-out rates
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Van Tartwijk (2011) in his inaugural speech at Universiteit Utrecht has listed a
number of factors that influence study success. Amongst them, not surprisingly,
are the time students invest in studying their subjects, student and lecturer
commitment for the course, the impact of (frequent) assessment, time for self-
study, formative feedback for learning, and students’ ability to reflect on their own
learning process. All these aspects have been looked at when designing the
educational set-up of the Bachelor College.

Motivating programs matching student interests, ambitions and talents
Motivational research in academic subjects has demonstrated that when students
are interested in combination with the opportunity to choose, they are more likely
to engage in higher-level cognitive functioning, find it easier to concentrate,
persevere, and enjoy their learning (Renwick & McPherson, 2002). From the
National Student Survey we know that students appreciate the opportunity to
choose their own courses much better since the start of the Bachelor College
(average scores from 3.3 to 3.8 on a 5-point Licker scale). Also from our own
curriculum surveys we know that students are very satisfied about the
attractiveness of the electives. First year students choose particular electives
because they think they will enjoy these courses and because these courses match
with their ambitions, relate to their major and match with their other interests. 
There is, however, a problem with the electives. Only 47% of the second-year
students indicate that they have made a well-founded decision when selecting
their electives and actually took the electives they had planned to take. A reason
for this might be that not all electives had been announced when students were in
their first year. Another reason might be that electives were rescheduled and, as a
result, no longer fit within the students’ schedule. An in-depth investigation will
take place next year.

Activating students 
Activating students can be achieved in different ways and on different levels, for
example by means of teaching formats and methods. As indicated earlier, MIT and
Olin College have introduced hands-on learning to motivate their students. At the
TU/e, Design Based Education comes closest to the definition of hands-on

Increased number of students 
graduating within four years
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learning. But Design Based learning is not introduced in all bachelor programs or
has partly disappeared in the reform to the Bachelor College.
Within the more traditional classes there are several methods to engage students.
Good examples of courses using a variety of activating learning techniques can be
found in the basis course Calculus and courses in the major of TU/e’s department
of Applied Physics. In various courses they use peer instruction, Socratic guided
inquiry, demonstrations, interactive computer simulation and the use of an
electronic audience response system (clickers). Results show that active learning
methods in the classroom are appreciated by students and indicate significant
gains in student achievement (Gomez Puente & Engeln, 2012; Gomez Puente &
Swagten, 2012). 

To boost student activation during lectures the use of clickers was introduced with
the start of Bachelor College. Clickers can be used in different ways: from voting
anonymously, to poll, start discussion or conduct an assessment. Several studies
confirm that the use of clickers increases student engagement, improves student
learning and student do enjoy using them, provided they are used effectively
(Premkumar & Coupal, 2008; Taskforce ICT in het Onderwijs, 2015). From our own
surveys at TU/e, we now know that clickers are not used the way they should,
especially when they are used for assessment purposes. The didactic use of
clickers needs to be improved before we can draw conclusions on the effect of
their introduction. 

Reducing number of parallel courses and number of resits
In the first steps towards the bachelor reform, students explained that the large
number of subjects (a minimum of five during a period) posed problems in
competing workloads, particularly during examination periods. A study by Jansen
(1996) confirms that curriculum organization has an impact on student study
progress: the more subjects are programmed in parallel, the lower students’ study
progress will be, and the more resits on examinations are spread during the year
the lower students’ study progress will be. 
In the Bachelor College there are three subjects every term of which ideally one is
a project or laboratory exercise. For the exams the resists were minimized to one
per subject and obligatory interim assessments were introduced. 

Introduction of interim tests
With regard to assessment under Bachelor College two aspects are important: the
notion of constructive alignment and interim tests as a tool for and of learning
(stimulate students’ course commitment and increase study effort).
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Biggs (2003) introduced the concept of constructive alignment with the notion
that “learning takes place through the active behavior of the student”. Education
(teaching) is a balanced system in which the learning objectives, teaching
methods and assessment procedures need to act in accord to support desired and
appropriate learning activities. How students approach a learning task will
strongly influence the quality of their learning outcomes. A properly aligned
system will lead to good teaching and encourage students to adopt a deep
approach to learning, i.e. understanding (instead of reproducing) concepts and
making sense of what they are learning. There are numerous ways to encourage
students to use a deep approach in different stages of teaching. But the most
powerful lever teachers have to influence students’ learning behavior is the
assessment.

In general, an assessment protocol that combines interim tests and final test is a
very complex system. It is difficult, for example, to determine the weight allocated
to interim tests to make them work and to decide on the use of formative versus
summative interim testing. Hardly any studies present outcomes with respect to
these subjects. From a quasi-experimental study such as for example Kuo and
Simon (2009) and Pennebaker, Gosling and Ferrell (2013) we know that frequent
testing has positive effects: it increases the amount of knowledge students
acquire, increases pass rates and stimulates students to spread the effort they put
in subjects. The challenge is, however, to optimize assessment practice in such a
way that it minimalizes the negative side effects and maximizes the positive
effects.
Numerous experimental studies show that students who were frequently assessed
(2-5 times a week) outperformed students who were not frequently assessed. It is
also suggested that feedback is more effective if it involves testing and it is
immediately given after a test. 
The introduction of the interim assessments in the Bachelor College served the
following goals: 
Help students start studying early during the course (activate); Give students
feedback on how they are doing during the course and inform teachers on what
students have learned; Prepare students for the final test.
In addition, students should experience success at the beginning of the course,
which should motivate them to participate actively during the rest of the course.
Envisaged formats were homework assignments and quizzes.
From our evaluations we know the interim tests are encouraging students to be
actively involved in the courses. In the first year survey students rate it with 3.6 on
a five-point Likert scale and in the second year survey it is rated with 3.5. They
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surely help freshmen students study the subject matter (transition survey: 3.9).
The feedback function of interim tests (and thus the focus on assessment as a tool
for learning), however, still needs improvement (3.3 in the first year survey and 3.1
in the second year survey).

In the Bachelor College we have quite rigorously introduced frequent
(intermediate) assessment. This has strongly collided with the existing
assessment culture of which the most extreme conception is that frequent
assessment is not academic. Whether or not frequent testing is academic is not
the issue but frequently giving feedback is essential in an academic environment.
More realistic is the position of faculty that because of their heavy load in both
education and research indicate there is just too little time for frequently testing
and giving students individual feedback. Solving this problem is a challenge we
still have to address.

Increased success rates for exams and forecast of graduation rate
Cohort 2013 has performed quite well in their success rates. With an average of 50
credits they have outperformed the first-year students of the years before (2012:
49 credits, 2011: 47 credits, 2010: 43 credits). The proportion of students (coming
directly from pre-university education) who have obtained the full 60 credits after
one year has increased to 43%, compared to 38% in 2012-2013 and 29% in 2011-
2012. The increase in credits obtained is partly due to the introduction of the
Binding Study Advice (BSA). But since the introduction of the Bachelor College this
increase has become more pronounced. Success rate after the first year has
improved as well. Cohort 2012 earned an average of 104 credits after two years of
study. The proportion of students who have obtained the full 120 credits after two
years of study has risen to 38% (cohort 2011: 28%, 2010: 23%, and 2009: 15%).
The performance target agreed with the government stated that at least 55% of
the re-enrolled students will have obtained their bachelor diploma in four years.
This amounts to an average of 45 credits per year. Of cohort 2012 79% of the
students have earned at least 90 credits after two years of study. This is the same
as for the last pre-Bachelor College cohort (2011) but much higher than for
previous BSA-cohorts (69% for cohort 2009). Of cohort 2013 67% of the students
have obtained 45 credits after one year of study. If these two cohorts continue this
performance, TU/e will comply with the government performance agreement and
is close to achieving the target success rate of 70% of bachelor students
graduating in four years (Strategy 20204).

4 From the TU/e policies and ambitions website: http://www.tue.nl/en/university/about-the-
university/profile-tue/policies-and-ambitions/
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Although there are many signs that the reform of the TU/e bachelor programs has
been a success there is still a lot to be done. Immediate attention will be given to
further improvement of the basic courses, including the professional skills; the
adaptation of the subjects in the USE-learning lines in such a way that they are
interesting and challenging for all students; the optimization of the matching
activities; and above all to reducing the workload for faculty without
compromising the way the Bachelor College has been set up since that could
jeopardize the success until now.
Like at the start of the Bachelor College future measures will be based as much as
possible on evidence from practice and research.

The most challenging issue facing Bachelor College is to optimize frequent (in
between) assessment practice in a way that minimalizes the negative side effects
and maximizes the positive effects. Together with Perry den Brok a new PhD
research project has been launched to investigate and improve the effects of
frequent, in-between assessments on student learning and learning outcomes.
Alongside this research, several pilot projects focused on in between assessments
are also taking place. These pilot projects are evaluated in a methodological way
and may reveal measures that can be taken in a shorter term. A project is
prepared aiming at introducing new ICT tools for digital assessment that can
reduce faculty workload substantially.

In engineering programs across the world the importance of hands-on learning is
gaining weight. In order to be well-prepared for a career in engineering students
need to be engaged in engineering projects right from the start. TU/e has
introduced hands-on learning in 2000. But only in three programs (Mechanical
Engineering, Biomedical Technology and Industrial Design) was it introduced
systematically and there are important differences between so called OGO-
projects and the way hands-on-learning is presented at for instance MIT, Harvard
and OLIN College. With the introduction of the Bachelor College some programs
have reduced the role of hands-on-learning. Since we have seen the importance of
hands-on learning for student motivation, a research project reconsidering the role 

Future research and 
developments
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and position of Design-Based Learning in the revised bachelor programs could
help to find a way forward. 

In the Eindhoven School of Education research is underway to better validate the
Bèta Mentality model. The outcomes of the study will lead to further research that
might be used as a tool for establishing students’ beta mentality more accurately.
The results of this study may also be used to develop promotion activities
specifically aimed at target groups that are still under- represented. At the same
time this validation study may provide pointers for how to challenge the three
beta mentality types of students at the course level. 
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First of all, I would like to thank the members of the Executive Board of Eindhoven
University of Technology for appointing me as a professor at this university. At the
same time I would like to thank all deans, or should I better say ‘decanen’, who as
members of the Doctorate Board approved this appointment at a moment that I
still, to a certain degree, had to prove myself worthy the trust unanimously shown.
I would also like to thank the board of the Eindhoven School of Education and all
the colleagues in that school for assimilating me into their community. 

Then I have so many people to thank that it is impossible to mention them all by
their names. But I hope that when I mention their connection with me and the
Bachelor College they will clearly understand my heartfelt and personal thanks.
Still I want to mention some names, as an example, because they had a special
role or because they have been very close to me during the most recent period in
my career at the Eindhoven University of Technology.

I thank Taskforce 1 under the inspiring chair of Tjeerd Plomp and with an
invaluable input of the (at that time) students Nienke van Dijk and Toine Kamp. 
I got indispensable support, including moral support, from my Project
Management Team, or as I used to call them, my dream team. Its composition
changed over the years but Peter van Dam had the greatest seniority and Corinne
Jongeneelen was the most prominent member who took almost every possible role
during the initiation phase of the Bachelor College. I thank the members of the
fifteen advisory groups that advised on almost every aspect including time tables
and time slots, administration, finances, professional skills, coaching and quality
assurance. A special word of thank I want to address to Antonie Meijers who has
been in the lead of the USE education and Sabine van Gent, Femke Beijer and all
the other members of the Communication Expertise Centre that made a dream
campaign come true. Marjan van Ganzenwinkel I thank for coaching management,
faculty and students to become the most qualified and best performing publicity
team ever. The Information Management I thank for keeping their promise to
relieve me from nasty and persisting ICT problems. 

Epilogue
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The members of the second Taskforce that later became the Advisory Board 
I thank for keeping me perseverant where I started to doubt and advising me in 
all complex issues during the introduction of the Bachelor College. 

Then I have to thank those that really made the Bachelor College a success. The
faculty of this university that invested all the efforts needed to design a complete
new program while keeping the old one running in a time that also research and
especially the acquisition of new projects asked for extra attention. The students
who helped us in so called ‘Kroketten’ lunches and bilateral meetings with the
rector identifying and addressing short comings in the program as early as
possible. The Bachelor College students that studied hard and still created an
academic and social atmosphere that this university can be proud of. The
members of the staff, especially those of the departmental administration and all
staff members of the Education and Student Service Centre I thank for helping us
going through a challenging and demanding transition that is still going on. 

Without my dear colleagues the Education Directors the introduction of the new
educational structure would certainly have become a nightmare and I especially
thank them for helping me over coffees and with ‘bitterballen’ to solve the most
challenging issues. 
I thank Jan Fransoo and Karen Ali for teaming up with me in the educational
changes at this university. 
I come to an end but not before thanking those who have been most important for
me. I thank my closest colleagues Monique van de Vorst, Diana Vinke and Gerard
van de Watering for their inspiration, their advises and their most valuable
contributions also to this inaugural lecture. 
I thank Hans van Duijn because without him there would not have been a Bachelor
College, a Dean and a professor Lemmens. I thank my friends and my family also
the in-laws and above all I thank my son Job and my wife Marleen. 
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