ETH:zurich

Innovative feaching

- _____,_--*"'-_
.&--ﬁ'i’i‘@*






Education is Switzerland’'s most important natural resource. It is
therefore no coincidence that education is listed first in Switzerland's
federal act concerning the various purposes of its two federal insti-
tutes of technology. We take this commitment very seriously at ETH
Zurich. We strive continuously to improve our teaching methods, so we
can provide our students with the best possible education.

Over the past 20 years, new technologies have significantly changed
the way we teach. Today we can offer completely new educational
formats and methods to prepare young people for their professional
careers and their roles in society. These innovations allow us to take
students” individual learning styles into account, and to impart new
skills and expertise that are playing increasingly large roles in the
working world, such as project work.

In this publication, we aim to show you how we at ETH Zurich foster
innovative teaching. We also hope that the projects presented here will
encourage other professors and lecturers to try out new ideas.

Constantly rethinking and improving education calls for a considerable
investment of resources. | therefore wish to extend my deep gratitude
to all our professors and lecturers who invest their time and energy, as
well as all the employees who lend them their strong support. Finally,

| would like to thank all our donors - public and private alike - who
make these projects possible.
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Prof. Dr. Manu Kapur - How innovations in teaching facilitate the transfer
of theoretical knowledge into professional practice.

The main goal of teaching at uni-
versities is to equip students with
the requisite knowledge, skills, and
dispositions that enable them to
work effectively in their professional
careers. This assumes that students
are easily able to transfer what they
learn at the universities to their pro-
fessional practice. However, decades
of research on human cognition and
learning consistently show that trans-
feris not only hard but rare.

Take an engineering student, for
example, who may have learned
advanced differential calculus, yet
find it difficult to apply it to solve
engineering problems in practice. Or
a medical student, who crams in a
lot of knowledge about anatomy, yet
finds it difficult to remember it soon
after the final exam, let alone use it
for diagnoses during clinical practice.
Or a science student, who learns a lot
of science knowledge, yet may be lost
when asked to conduct scientific in-
quiry using that very knowledge.

What is common across these ex-
amples? They all show a lack of transfer
from school knowledge to disciplinary
practice. That is, although students
learn substantial amounts of formal,
content knowledge in the domains,
they find it difficult or are often unable

to use this knowledge in the authentic
practices of the domain. Why does this
happen? Are our students not particu-
larly bright? After all, experts lament
that no matter how clearly they explain
the concepts to their students, it baffles
them why students still do not “get it".

“We need to innovate in
ways that are consistent
with, and advance, the
science of how people
learn.”

Rethink how we teach

Research in the sciences of human
learning suggests that a lack of
transferis not as much a problem with
the student as it is with their learn-
ing experience. In formal schooling
contexts, this means that transfer
is a function of how we teach our
students. Any innovation in teaching
would do well to address the problem
of transfer. And this is where we need
to rethink how we teach. We need to
innovate, but not for the sake of in-
novation per se. Instead, we need to
innovate in ways that are consistent
with, and advance, the science of
how people learn. Although research
in the cognitive and the learning

sciences suggest several principles for
designing effective teaching and learn-
ing, | focus on one key principle any
innovation in teaching would do well
to embody. Allow me to illustrate the
principle with a thought experiment.
Imagine a carpenter wants to train
his son or his daughter to learn the
craft. Does he first make his child
learn all the relevant knowledge
from mathematics, because well,
one needs arithmetic and geometry
in carpentry? Does he also make his
child learn all the relevant concepts
in Physics, because knowledge of
forces and equilibria is also critical
for carpentry? How about throwing
in some material science, commu-
nication skills, business manage-
ment, and creativity courses in the
mix too. And when his child has not
only learned all such knowledge,
and passed examinations that test
this knowledge in contexts that have
little to do with carpentry, only then
he brings his child to his shed and
engages him/her in the practice of
carpentry. Hopefully not. Instead,
the carpenter is more likely to take
his child to the shed, and engage in
the authentic practices of carpen-
try. All knowledge and skills that the
son learns is situated in the actual
practice of carpentry. This is what
knowledge-in-use looks like.
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Coupling domain knowledge and dis-
ciplinary practice

Partofthe problemwithmoderneduca-
tion systems is that we have intention-
ally divorced domain knowledge from
the disciplinary practices of its use.
Having ourselves created the problem,
we then lament that our students find
it difficult to transfer what they learn
in school to disciplinary practices. | do
not mean to be flippant, but | do paint
an extreme case contrast to bring out
the point. To be clear: domain know-
ledge and skills are important. They
need to be taught. And experts need
to teach them. The problem is that we
are teaching them in ways that tend to
decontextualised and misaligned with
the disciplinary practices within which
such knowledge will be used. An obvi-
ous implication is to solve the problem
of transfer at its root. This would mean

aligning the practices of schooling
with the practices of the discipline. Of
course this is easier said than done,
but then why should one expect the
problems of learning to necessarily
admit easy solutions. Returning to the
examples, if design is a core engineer-
ing practice, then engineering know-
ledge and skills ought to be situated in
the design process. This does not mean
all knowledge is learning through the
design process. What it means is that
the design process then provides the
context and the motivation for learning.
Students should be engaged in design
for the most part, which anchors their
learning.

Likewise, if a core medical practice is
differential diagnosis, then medical
education should be anchored on dif-
ferential diagnosis as the core activity.
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Medical students should be engaged in
differential diagnosis, and most of their
knowledge gets learned in the process
of performing diagnoses. And likewise
for other domains as well. Although
| have taken the liberty of reducing a
domain to one core practice, each do-
main is likely to have multiple core and
peripheral practices. The point is that
innovations in teaching should engage
in the process of backward design.

Backward design process

By backward design, | mean starting
with the end in mind. For example, what
are the core professional practices of
engineers? What do engineers really
do? How does knowledge-in-use look
like, that is, what kinds of knowledge,
skills, tools and resources do they use
in performing these practices? Once
we have sense of what the disciplinary




practice of engineers looks like, we can
then design the teaching practices in
alignment with the disciplinary prac-
tices. The same goes for other discip-
lines as well. What do doctors really
do? What do scientists do? What do
lawyers do? And so on. And then design
the teaching practices in alignment
with the professional practices in the
domains.

Practical constraints will of course
limit the degree to which alignment
between teaching and disciplinary
practices can be achieved. Still, it is
instructive to use alignment as a key
guiding principle when designing in-
novations in teaching. A typical counter
to the above proposal goes something
like: “but students need the knowledge
and skills first before they can apply”.
Mind you, that is falling back into the
trap of decoupling domain knowledge
and disciplinary practice - the very trap
that we must try to avoid.

A couple of additional benefits of
alignment are noteworthy. An analysis
of disciplinary practices, especially
knowledge-in-use, is likely going to

result in a radical rethinking of and
reduction in the amount of content
knowledge that we focus on in the
curriculum. Speak with an engineer or
a doctor, and you will find that know-
ledge-in-use is typically a very small
subset of the knowledge acquired
during training. Likewise for other
domains as well. Focusing primarily
on knowledge-in-use should free up
time for redesigning the curriculum,
teaching and learning in alignment
with the disciplinary practices.

Explicit and tacit knowledge

A second benefit of alignment is a
better coupling between explicit and
tacit knowledge. Explicit knowledge
is knowledge that can be externalised,
represented, codified, and communi-
cated. Laws, principles, theorems,
formalisms, and so on are examples
of explicit knowledge. Tacit know-
ledge is something that cannot be
externalised, let alone be codified or
communicated. There are often times
when an expert intuits, or is unable to
explain how he or she thought of or did
something, especially when engaged
in disciplinary practices. It is one of

those things that cannot be “taught”,
but can be “caught”, yet it is absolutely
essential for expertise development.

Research on expertise suggests that
experts have not only large body of
explicit knowledge but also highly-nu-
anced, situational, tacit knowledge.
Expertise is a function of how experts
are able to leverage both explicit and
tacit knowledge to solve problems.
Knowledge-in-use,therefore,isacoup-
ling of explicit and tacit knowledge.

If the primary focus on schooling
remains on explicit knowledge, then
it will hinder the development of
expertise. If, however, innovations in
teaching can embody the coupling
of both explicit and tacit knowledge,
it will positively influence the devel-
opment of expertise. Taken together,
alignment can facilitate the coupling
of explicit and tacit knowledge, which
in turn, will increase the likelihood of
transfer as well.®

Prof. Dr. Manu Kapur

Manu Kapur has been Professor of
Learning Sciences and Higher Education
at ETH Zurich since 2017. Previously he
taught and researched in Hong Kong and
Singapore. He is known worldwide for
his work on “learning from failure”.



Letting ideas take flight

Every two years, the Lecturers’ Conference of ETH Zurich confers
the KITE Award for key innovation in teaching at ETH Zurich (KITE).
Endowed with 10,000 Swiss francs, the KITE Award is given to ETH
teaching staff by ETH teaching staff. It honours innovative teaching
approaches that improve students’ learning and so help to increase
the quality of education. The KITE Award underscores the import-
ance that ETH accords teaching, raises its profile outside the univer-
sity - and encourages professors and lecturers to forge new paths.

In 2018, 27 projects were submitted. The four that made it to the
final round are presented on the following pages.
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Self-paced learning
In big classes

Computer science is required for most courses of study at ETH, yet many
students start their first semester with almost no prior knowledge.
Lukas Fassler and Markus Dahinden overcome this difficult starting
position with a tailored teaching concept.

Making a virtue of necessity: that is what Lukas Fassler
and Markus Dahinden do, together with David Sichau from
the Department of Computer Science at ETH Zurich, with
their E.Tutorials project. They teach the basics of com-
puter science to over 800 first-semester students from five
different departments. Some 90 percent of the students,
all of them prospective engineers and scientists, have
hardly a clue about computer science - and many did not
expect it to be compulsory. For this reason, their enthusi-
asm often has its limits.

Instead of cramming computer science basics into stu-
dents’ heads during an introductory lecture, the lecturers
give them hands-on tasks right from day one - well, if a
virtual programming lab counts as hands-on: “Our stu-
dents get to grips with the basics of computer science in a
way that's fun but effective,” Fassler says. With real data
from their specialist subjects, they solve a practical prob-
lem, such as containing the spread of an illness, calculat-
ing an ocean current, or checking the effects of a medica-
tion in a patient’s blood.

1,,
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Students are guided by an E.Tutorial that they can adapt
to their individual needs. “They can choose the level of
support the e-tutorial provides by adjusting the course
to their knowledge. In addition, they can test their know-
ledge for themselves,” Fassler says, adding: “Thanks to
the individualised support system, they quickly become
independent.”

The E.Tutorials project plays a key role in the indispens-
able training in digital skills at the undergraduate level.

From left:
Dr. Markus Dahinden,
Dr. Lukas Fassler
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Sustainable action
starts with critica

thinking

In Volker Hoffmann’s course on corporate sustainability, the students

do more than ruminate on concepts - they also learn to review them
critically and put their knowledge into practice. As future managers, they
should be able to use these skills to make companies more sustainable.

In the Corporate Sustainability course taught by Volker
Hoffmann, ETH Professor of Sustainability and Technology,
150 to 200 students from various disciplines train to become
experts in sustainable management. At the same time,
they can enhance their potential for academic research.

What is innovative about the course is that the students do
not simply memorise the theoretical concepts of sustain-
ability; instead, they are required to think critically about
the material and apply their knowledge in a practical way.

Assessment, strategy, technology and finance are the
topic areas that previously were communicated primarily
in a lecture format. But three years ago, Hoffmann made
some fundamental changes to the course. Now, during
the first half of the semester, he supplements the lectures
with interactive videos and e-modules that foster skills
like critical thinking. Hoffmann also makes use of the six-
sentence argument (6SA) method, which helps students
learn to craft persuasive arguments. In the second half,
the students apply their newfound knowledge in one of
the four areas. Small groups supported by coaches use
specific examples of companies in the water, energy, mo-
bility and food sectors to prepare debates, draft consult-
ing strategies, calculate economic models and produce
campaign videos.

Prof. Dr. Volker Hoffmann
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Prof. Dr. Edoardo Mazza

Edoardo Mazza is a Professor in the
Department of Mechanical and
Process Engineering at ETH Zurich
and President of the Lecturers’
Conference, which confers the KITE
Award. A native of Italy, he studied and
earned his doctorate at ETH, and then
worked in management in industry
from 1997 to 2001. He also heads a
laboratory at the Swiss Federal
Laboratories for Materials Science
and Technology (Empal).

Professor Mazza, why is the KITE Award necessary?
By giving the award, the Lecturers’ Conference aims to rec-
ognise the outstanding work many professors and lecturers
are doing. It simultaneously underscores our duty to our
students to constantly improve our teaching.

What makes teaching “innovative”?
One way is to incorporate the new ways students have of
working and make use of novel teaching aids. Another is
to apply new approaches for improving communication be-
tween professors, lecturers and students.

To what end?
Today, it is no longer enough to memorise facts, learn skills
and know how to use instruments. As one of the world’s top
universities, ETH Zurich must offer students the opportun-
ity to synthesise knowledge from various disciplines, test
methods on complex problems and think critically about
theories. Students, in turn, have to learn how to work in
interdisciplinary teams; for example engineers with biolo-
gists and materials scientists with medical students. For
tomorrow’s managers, such skills are becoming more and
more important.

KITE Award

ust knowing the

facts Is no

How do you approach your own teaching?
[ try to constantly improve my courses, although | still write
with chalk on the blackboard during the introductory lec-
tures. | also let students participate in my interdisciplinary
projects, and that has worked extraordinarily well.

What do the teaching staff think about the award?
They think it's excellent. The second year we asked for
nominations, we received 27 submissions, which is more
than we got the first time around. The proposals come from
all ETH Zurich departments and cover a range of exciting
ideas and progressive approaches. And all the departments
are involved in the selection process.

How do you envisage the future of the award?
| hope it will become a tradition. The innovative concepts
should be more widely known and should motivate all
professors and lecturers, at ETH Zurich and elsewhere: we
want to make it so all Swiss universities can benefit from
them. We also want to stimulate the discourse about qual-
ity university teaching, and the KITE Award definitely plays a
partin that.e

13
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KITE Award - finalists 2018
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Design thinking: this process-oriented method helps students quickly
solve problems and develop ideas. Stefano Brusoni and Alan Cabello have
systematically integrated this method into ETH Week.

Collaborating in large, interdisciplinary groups to solve a
real-life problem in a short amount of time is not something
students do every day. Yet that is precisely the setting for
ETH Week. First launched in 2015, it offers students a rich
educational experience with a view to their future tasks in
business and society.

At ETH Week 2017, whose theme was Manufacturing the
Future, 180 ETH students from all departments developed
prototypes intended to improve current production methods.
Sustainable use of materials and resources was made a cen-
tralissue in order to take potential social consequences into
account.

In 2017, the design thinking approach was systematically
integrated into ETH Week. The idea was the brainchild of
Stefano Brusoni, Professor of Technology and Innovation

Management at ETH Zurich and Alan Cabello from Spark
Labs. “The multi-stage and process-oriented method brings
students into contact with experts, so that they may identify
problems and brainstorm new ideas for solving them,” Bru-
soni says.

Budding mathematicians, physicists, environmental sys-
tems scientists, chemists, biologists, computer scientists,
architects and engineers worked in groups of roughly ten
people. After ceaselessly reviewing their ideas and concepts
for six days, they presented their prototypes. One of these
was edible packaging for foodstuffs that are quick to spoil,
and another was a 3D printer that recycles plastic.

The students received support from graduates of previous
ETH Weeks. As tutors they see to the group dynamics, and as
facilitators they keep the group’s eyes on their goals.®

V\ From left:

Dr. Alan Cabello,
Prof. Dr. Stefano Brusoni
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Center for Active Learning: Katja Kohler and Ernst Hafen use this facility
to make teaching an interactive team effort, in a move away from lone

lecturers to group learning.

All too often, teaching at universities is a lonely prospect:
the lecturer orally presents the material to a large group of
students and hopes that they will understand and retain it.
Students, for their part, are more or less satisfied with the
information that they are offered, and note it down diligent-
ly, but they usually find collaborative work in the lab and in
practical exercises more exciting.

It is precisely this team aspect that Katja Kohler, educa-
tional developer in the Department of Biology, and Pro-
fessor Ernst Hafen, the department’s Director of Studies,
are bringing to teaching from their research. In 2016, they
founded the Center for Active Learning (CAL), in which
doctoral students and undergraduates can help professors
and lecturers to develop new methods and implement in-
teractive formats. One of these is the flipped classroom,
where students use videos and other materials to familiar-
ise themselves with the material in advance, so that time
in the classroom can be devoted to more in-depth insights
and discussions. Another is learning analytics - quanti-
tative data on students’ learning behaviour. This allows
students to review their progress, and professors and lec-
turers to react accordingly during lessons. As a result, ed-
ucation becomes more interactive. The new formats have
been well received: “Surveys by the Association of Biology
Students indicate that the student body appreciates these
activities. They actually wish there were more interactive
courses,” Kohler says.

To date, 22 professors and lecturers have joined CAL and
9 courses have been reworked. CAL is also part of the Biol-
ogy Study Center, where students can work on problems
with lecturers, and it supports the Book Club, in which
first-semester students can discuss extracurricular popu-
lar-science books.

Overall, CAL has made a good name for itself among ETH's
biologists. However, Hafen points out that “basically, every
department at ETH can benefit from CAL. It takes less than
one percent of a department’s budget to make a major
improvement in its teaching.” The first joint projects with
other departments are already underway.

From left: Prof. Dr. Ernst Hafen,
Dr. Katja Kohler
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Innovedum fund

2000

I

The virtual botany
field trip

One of the first
Innovedum projects
was VirtEx, an
e-learning tool. The
project allowed
students to obtain
extensive insights
into botany with the
help of a DVD, and is
able to provide much
more information
than other media
(books, herbariums).

Milestones from

18 years

of fostering
innovation

Do-it-your-soil

This e-learning
course on soil
protection (sustain-
able soil manage-
ment) includes many
interactive anima-
tions. First developed
in 2000, the fol-
low-up project is still
in use today.

X

mt_EAST

In mt_EAST, students
from different
universities worked
together on a com-
mon architecture
project. They used a
media table featuring
atouchscreen,
internet connection
and webcam to draft
design plans.

-osterir
reinvent
educat

2002

Flipped Classroom
The Fonds Filep
supported a
flipped-classroom
project on program-
ming. As the name
suggests, the tradi-
tional set-up is
reversed: usually
students learnin the
lecture hall and do
exercises at home. In
a flipped classroom,
they learn at home
and come to the
university to do the
exercises. ETH's first
flipped classroom
was in 1998, in
chemistry courses.

or

2005

First degree pro-
gramme initiative:
Mobility matters
Teaching staff at ETH
Zurich can propose
new degree pro-
grammes or suggest
changes to existing
ones. The first such
initiative focused on
the topic of mobility
between Bachelor’s
and Master’s pro-
grammes. It created
aweb-based e-learn-
ing tool for three
departments.




Institutional support of educational innovations has long been
a feature of ETH. What used to be the Fonds Filep - laun-
ched in 2000 as part of the ETH World strategic initiative - is
now the Innovedum fund (Innovedum is a portmanteau of
innovation and education). This fund places two million
Swiss francs annually at the disposal of the Rector to sup-
port initiatives that further develop education at ETH. Over
the years, this money has financed the planning and imple-
mentation of over 150 innovative projects that have gone
on to shape the nature of teaching at the university today.
Innovedum supports an impressive variety of projects, ran-

ging from digitalisation in the classroom to an increased focus
on skills and interactive learning. Uniting all these projects
is the fund’s overarching goal: to continually adapt the excep-
tional learning environment to the prevailing needs of stu-
dents and teaching staff, so that ETH graduates become inde-
pendent critical thinkers who are equipped to shape the future.

More information: www.ethz.ch/innovedum-projects

2007

X

O

Electronic exams
With the help of the
Innovedum fund, a
program was devel-
oped to help staff
design exams flexibly
and give and grade
them electronically.
The project also
contained a database
of exam questions.

2012

O

App for students
An app was funded
and developed for the
first time: EduApp
helps ETH students
in their everyday
lives (time manage-
ment, maps, study
rooms) and also
enables feedback in
the classroom
(clicker questions].

2013

Massively online for
the first time

MOOC stands for
massive open online
course: a free online
course in which
thousands of people
can participate at the
same time. MOOCs
consist of videos and
online exercises and
exams. The first
MOOC at ETH Zurich
concerned robotics
and was also used in
preparations for the
ETH course on the
same subject.

The first course
launched as a
TORQUE

In TORQUES (tiny,
open-with-restric-
tions courses focused
on quality and
effectiveness),
students learn a large
portion of the course
material on their own
from videos. Addi-
tional scripts, links to
external sources,
forums and quizzes
are available online.
This leaves more
class time for discus-
sion. The first course
to be designated a
TORQUE offered an
introduction to “R”,
software for statis-
tical computing.

Optimising courses
inreal time

Online tool PELE -
the Personal Elec-
tronic Learning
Environment - gives
lecturers the unpre-
cedented ability to
systematically
optimise their
courses in real time
with the help of
electronic data. Every
week, the lecturer
tracks how much
time the students
spend on tasks,
noting where they
progress quickly and
where they have
problems.
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Innovedum fund

Versatile and multifunctional

The type of projects that receive support has changed

over the years. Teaching projects and degree programme
initiatives have been funded since the beginning of the fund,
as well as small projects from 2007 to 2009. Focal point
projects were introduced in 2010 to provide support for

special topics.

20
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Total no. of
projects

Total no. of approved:

projects 1 73 JoROUE
submitted:
2004-2017
3
3
: 7
1 1
8
6 1 1
4 3 7
. 3
5 3 7 4 5 9 8 8 5 11
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Total no. of projects submitted (incl. unsuccessful proposals]

Innovative projects that aim to improve the quality of courses at ETH Zurich
Projects with simple approval procedures and a budget of less than CHF 30,000
Projects for promoting certain topics (e.g. interactive classes)

Through such initiatives, the content of existing degree programmes can be
adapted or entirely new ones developed
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Innovedum
project keywords

The size of the word shows
the relative number of projects
in that area.

e learning

tation

s
In it for the long haul In use at all levels
Innovedum projects are not only innovative, they are Allin all, some 50,000 people have benefited
usually sustainable, too - in use for years after the project from Innovedum projects, especially those at the
was started. This graphic shows how many years projects undergraduate level. The figures are based on
have actually been running, compared to their estimated the project proposals. *

potential lifespan. For all four project types, the rate is a
pleasing 70 percent. *

1,952 238
Doctoral students Further education

AVERAGE NO. OF YEARS RUNNING 4.591 \ /

Other persons

8,485
Master’s students

36,632
Bachelor’s students /

*Graphs reflect years 2004-2015
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Learning how to

deve

.op medication

through board games

Jorg Goldhahn and his team from the Department of Health Sciences and
Technology have developed a board game that provides students with an
insight into the complexity of drug development while simultaneously

creating a new type of examination.

The project has its origins in the old familiar question that
students ask professors and lecturers at the start of every
course: What's going to be on the test? If it's a multiple-choice
exam, for instance, then students can revise by looking at old
homework assignments. The type of examination thus has a
major impact on what and how students learn.

“That's why we wanted to create a completely new testing
set-up,” says Jorg Goldhahn, Professor in the Department
of Health Sciences and Technology. “And we wanted to
develop an exam that not only asked takers to regurgi-
tate information, but would also test their skills, such as
creativity.” Goldhahn, who teaches translational science,
tackled the task together with his teaching assistants Ur-
sula Brack, Kathrin Studer, Séverine Chardonnens and
Stephanie Huber.

Translational science concerns itself with building
bridges between basic research and practical appli-
cations, such as taking new findings from the lab and

translating them into a medication available from the
chemist. It is a very complex process: on the one hand
there are factors that drive the process forward, such
as the accelerated approval of the medication by a drug
authority. On the other there are factors that slow the
process down, such as setbacks from a clinical study.
The primary objective of Goldhahn’s course is to teach
students this process and highlight the legal aspects.
“I believed that a lecture format alone would not be
enough to accomplish this,” he says.

That's when the idea of a game emerged. Goldhahn and
his team assumed that students enjoy playing games,
which would be an intriguing vehicle for conveying know-
ledge. Besides, games often produce a group dynamic
that can be leveraged to improve the learning effect.

Goldhahn and his assistants developed a board game that,
similar to Monopoly, illustrates a cycle, since developing
a medication is also cyclical in nature. The most import-
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ant thing was to highlight the various interrelationships at
play, and for the game to be used for the exam.

The task quickly became more complex than expected - or
as Goldhahn put it: “Fortunately | didn’t know at the outset
what we were in for...” There are thousands of pages in the
literature on games, but using a game as an exam? Hardly
anything. How can a game be used to see if students have
grasped the interrelationships in question? And most im-
portantly, what can be on the test? How can a game get
people to demonstrate their creativity, and then evaluate
it? Goldhahn assigned his students the task of working in
groups to design a card for the game with an inhibiting or
an accelerating factor.

Some of the resulting ideas were surprising - even for
Goldhahn, a translational science expert. Still, grading the
cards was no easy task. One reason was the sheer volume:
more than 1,000 cards needed to be evaluated. Another was
the content: how can you rate creative ideas on an objective
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Playful learning:
The drug development life-
cycle as a board game.

grading scale? To grade the cards fairly, Goldhahn and his
team developed an internal peer-review process.

What did the students think of the game idea? The vast ma-
jority loved the unusual format, thought the idea interest-
ing and were thrilled that at the end of the day they would
not be required simply to study for a major exam. However,
there were also some students who found themselves at a
loss with this format, and would rather have had a “classic”
exam.

After one round, the project is not yet finished: a group of
students has adopted the game and wants to further de-
velop and market the prototype. How does the project
leader feel about his idea? “It was a fun and instructive
experience. And it’s certainly a promising format for sup-
porting traditional lectures,” Goldhahn says. The project
has also met with international interest and was presented
at the International Congress on Medical Education in Abu
Dhabi, March 2018.¢

Prof. Dr. Jorg Goldhahn

Jorg Goldhahn, who has been Privat-
dozent (Senior Lecturer) at the Department
of Health Sciences and Technology since
2008, was named Adjunct Professor at ETH
Zurich in 2015. He is Deputy Head of the
Institute of Translational Medicine and pro-
ject manager for the innovative Bachelor’s
course in medicine, which was established
in 2017.
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More educationa
opportunities

At ETH Zurich, education is in constant flux, as it is continually adjusting
to the latest state of knowledge. Currently there is a clear trend towards
project-based and interactive teaching.

Before classes began at ETH on 16 October 1855, the foun-
ders pondered several issues, among them what educators
should focus on when designing a curriculum. Technical
drawing, measuring, mathematics or on the practical
requirements of industrial production?

“None of the courses of study from that time have remained
in their original forms,” says Andreas Vaterlaus, Professor
of Physics and Education and Vice-Rector for Curriculum
Development. He continues, “Even if certain subjects, such
as analysis in mathematics, have had the same name for
a long time, the content and methodological focuses have
changed time and again.” Indeed, when it comes to rework-
ing existing curricula or developing new offerings, many of
the questions from back then are still relevant today.

ETH Zurich currently offers 23 Bachelor’s and 45 Master’s
degrees, but these are constantly evolving. “Research is
always providing new insights, sometimes of such a funda-
mental nature that they open up completely new research
directions - and teaching is always adapting to the new
state of knowledge,” Vaterlaus says. He has been oversee-
ing this evolution as Vice-Rector for Curriculum Develop-
ment since 2012. It usually takes place as a series of many
small steps, such as eliminating certain specialities.

Less frequent are larger steps, such as completely over-
hauling a degree programme. “When this happens, there

is nothing left of the original plan,” he explains. And
sometimes entirely new programmes emerge, such as the
Bachelor’'s degree in medicine, which ETH established
recently.

If departments want to launch such a major change, they
can submit a degree programme initiative via the Innove-
dum fund to receive financial support. One to two such ini-
tiatives are submitted each year for review by the Teaching
Commission

The Teaching Commission invites the submitter(s) to pres-
ent their idea in person, and they then proceed to discuss it
in depth before making their recommendation to the Rec-
tor. Ultimately it is the Rector’s decision to fund the degree
programme initiative or not.

In Vaterlaus's experience, the degree programme initia-
tives are “well thought out and already broadly discussed
in their departments”. In discussions within the Teaching
Commission, criteria such as feasibility, chance of suc-
cess and firm anchoring in the department play a major
role. For example, the department needs to have enough
teaching staff to handle the degree programme. “We want
to keep teaching expertise in house, and not outsource too
many teaching assignments,” Vaterlaus explains. In addi-
tion, a degree programme initiative must also be in keeping
with the overall strategic orientation of teaching at ETH.



And who inspires initiatives like this? The catalyst for the
AGROfutur initiative (see inset) was a study of the labour
market by the Swiss Association of Agronomists and Food
Scientists. It showed that companies in the agro-food busi-
ness were generally quite satisfied with ETH graduates, but
saw room for improvement in their communication, social
and methodological skills.

Representatives from the private sector as well as students
participated in reforming the degree programme. Both
groups would like students to obtain more practical and
career-relevant experience before graduation. One of the
ideas that resulted from their collaboration was to make a
16-week work experience placement an integral part of the
Master’s degree. The companies agreed to assign the in-
terns interesting tasks and provide mentoring and support.
Students, too, saw great added value in a programme with
such additional dimensions, even though the reforms made
the programme longer by one semester.

In materials science, by contrast, the rapid pace of develop-
ment in the research field and changes in the department
spurred the administration to realign the degree pro-
gramme. Over the next three years, the department aims
to flesh out a modern curriculum that equips students for
future professional challenges. The plan for reaching this
goal is to place more emphasis on engineering and design
while maintaining academic rigour. Examples of what this

might look like in real life include subject-specific projects
in which students focus more on problem-solving than pre-
viously and can participate more directly.

Both initiatives demonstrate the general direction in which
teaching at ETH is moving. “It's becoming increasingly im-
portant to combine a solid grounding in science and tech-
nology with application-oriented and practical aspects. In
general, there is a tendency towards project-based and
applied teaching with more open and interactive formats,”
Vaterlaus says.e®

The Teaching Commission at ETH Zurich

The Teaching Commissionis an advisory body of the Execu-
tive Board. In the context of ETH Zurich’s development
as a university, it is responsible for managing innovation
in teaching and learning. Its primary task is to support
teaching innovation and projects within the framework of
Innovedum. The Teaching Commission is chaired by the
Vice-Rector for Curriculum Development, Andreas Vater-
laus. Every area of ETH is represented on the Commission
by a professor, and other seats are held by doctoral stu-
dents, students, and the Educational Development and
Technology department.

Prof. Dr. Andreas Vaterlaus

Andreas Vaterlaus has been full Professor

of Physics and Education at ETH Zurich

since 2008, and was elected Vice-Rector for
Curriculum Development in 2012. In this role,
he supports the Rector in matters concerning
curriculum development and innovation
processes.
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Jaring to leave some

gaps: redesigning two
Master's programmes

The Master’s degree courses in pharmacy now teach less material -
instead, they allow more time for case studies, independent work and

clinical modules.

The learning objectives of the traditional pharmacy curri-
culum at Swiss universities are set out in the country’'s Med-
ical Professions Act. They have recently been adapted to
better deal with the shortage of general practitioners. “The
idea is that pharmacists will play a greater role in basic
care in future. For example, they are set to carry out certain
vaccinations and act as the first point of contact for
patients,” says Professor Cornelia Halin, Director of
Studies for the pharmaceutical sciences, who is overseeing
the degree programme initiative.

“These changes to the law have given us an opportunity
to make a sweeping overhaul of both our Master’s pro-
grammes,” Halin says. For the MSc in Pharmaceutical
Sciences, more weight is now given to learning how to
approach scientific models and data critically, while the
classical Master’s in pharmacy will focus more on develop-
ing problem-solving skills.

“We want to spend less time stuffing our students” heads
full of encyclopaedic knowledge, and instead give them
more time to learn how to obtain that knowledge for them-
selves and to evaluate specific cases,” Halin says. The
decision to cover fewer topics but in more depth requires
courage to risk leaving some gaps. However, students ap-
parently appreciate this courage, if the positive feedback
from the two new Master’s programmes that started in
2017 is any indication.

Cornelia Halin studied biochemistry
at ETH Zurich and earned her
doctorate in pharmacy there. After a
postdoc at Harvard Medical School,
Boston, USA, she returned to ETH
Zurich, where she became Assistant
Professor of Pharmaceutical
Immunology in 2008 and an Associ-
ate Professorin 2014.



aterials for self-
rected learning

instead of lectures

The new concept for Renate Schubert’s lecture course aims to make
learning more active - and puts the focus on students’ ability to apply
economic knowledge to practical, topical issues.

More than 500 students take the economics course, which
until recently was held in the traditional lecture hall. “Now
the entire group meets only twice or three times a semes-
ter,” says Renate Schubert, Professor of Economics. At the
other class times, students meet in five smaller groups to
solve problems and discuss exercises with one another. For
students who do not want to actively participate in group
work, Schubert continues to offer the traditional format,
with room for 200 people.

Schubert and her colleagues coach the groups. “Before,
the students saw only me - now the entire team is in-
volved,” she says. Her team members find mentoring and
coaching students as tutors to be a rewarding experience.

Students prepare for their small groups with self-directed
learning materials: short video sequences that convey
Schubert’s course material. The videos contain five to six
slides that sketch out key economic concepts. A “magic
hand” directs the viewer’s attention to important details,
and Schubert’s lectures provide the voiceover.

The videos are embedded as TORQUESs (tiny, open-with-
restrictions courses focused on quality and effectiveness)
in an electronic learning environment, which also includes
exercises, current media reports and discussion forums.
“One valuable side effect of this realignment is the inten-
sive interaction and debate we are observing among
students from various departments,” Schubert says.

™ -
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— Renate Schubert is Professor of Econom-

ics and the ETH President’s Delegate for
Equal Opportunities. In 2006, she founded
the Institute for Environmental Decisions
(IED), which she headed until 2014. Since
2015, she has also led a research group
at the Singapore-ETH Centre. Her
TORQUE project made it to the 2016 final
of the KITE Award.
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With his Future Cities course, Gerhard Schmitt shares the latest
knowledge on urban planning with people around the world - people who
would otherwise have no opportunity to learn this information.

“A city is more than just buildings, streets and sewers - it
also possesses a complex metabolism,” explains Gerhard
Schmitt, Professor of Information Architecture at ETH. The
problem is that in the past, city planning did not take peo-
ple enough into account; it was rather people who had to
adapt to the conditions in a city. Schmitt and his colleagues
from the Future Cities Laboratory, a large-scale ETH re-
search programme in Singapore, want to share a different
approach with the urban planners of tomorrow.

The challenges in urban development are enormous, espe-
cially those facing the rapidly growing cities in subtropical
and tropical areas in Asia and Africa. Experts believe that
over the next few decades, homes and jobs will need to be
found for another two billion people in these regions. One
example is the city of Shenzhen, north of Hong Kong, which
over the past 30 years has grown from a fishing village to a
metropolis of more than 12 million people. Challenges pre-
sent themselves on two levels: how to finance this growth,
and how to keep development sustainable. After all, cities
in Europe and the US are still far from being sustainable -
how can one expect these rapidly growing cities to be?

“Over the years we have acquired a great deal of knowledge
about urban planning in our ETH departments, and we're

able to conduct research projects from an Asian perspective
in Singapore,” Schmitt says. “Now we want to share this
knowledge where it is most needed: in the cities of Asia and
Africa. But how?”

Schmitt decided to create a MOOC, or massive open online
course, and named it Future Cities in reference to the name
of the research programme. MOOCs are free online cours-
es consisting of videos, exercises or forums where partici-
pants can discuss topics online. All someone needs to take
the Future Cities course is an internet connection. “Anyone
can take part,” Schmitt says, “no matter where they live,
no matter what level of schooling they have. We felt that
was important.” In four years, Schmitt and his team have
created four courses: Future Cities, Livable Cities, Smart
Cities, and Responsive Cities. Each lasted 9-10 weeks. Par-
ticipants spent about 1-2 hours per week on the courses,
more during practice and exam phases.

In total, over 110,000 people from more than 160 countries
registered for the courses. Even if only a fraction of them
stayed with the course to the end and earned the certifi-
cate, the advantages of MOOCs are clear: they make it
possible to share knowledge with the world, with people
who are interested in the subject but have no other way to



From left: Kees Christiaanse and Gerhard Schmitt
record a MOOC (massive online open course).

—

access well-prepared, high-quality information. However,
there are certain drawbacks: With so many participants,
more in-depth discussions between professor or lectur-
er and student are simply not possible. And lecturers can
provide personal contact and direct coaching only to a very
limited extent over the internet. A MOOC thus cannot re-
place actually attending a university course.

Schmitt and his team have attempted to foster connec-
tions between participants by assigning them various
tasks. One of these was to make the invisible in their city
visible. Similar to a wall that keeps an electric wire hid-
den, the depths of a city contain much that is normally un-
seen - such as all kinds of wires, cables and pipes. These
stay hidden until a construction site reveals them. “Our

students sent in thousands of pictures, and then evalu-
ated and commented on them,” Schmitt says.

Another task was to improve the spatial arrangement of
buildings in a slum using a modelling program. For this pur-
pose, the Future Cities team developed a programme that
is free of charge, does not require a lot of computing power
and can be opened via the internet. The participants sub-
mitted thousands of designs. In turn, they had the oppor-
tunity to evaluate and comment on each other’s projects.

Gerhard Schmitt is Professor of Informa-
tion Architecture and Director of the
Singapore-ETH Centre. Until 2017 he was
Associate Vice President for ETH Global.
From 1998 to 2008, he served as Vice
President for Planning and Logistics and
Member of the Executive Board at ETH
Zurich. Prior to that, he was Professor for
Architecture and Computer Aided Architec-
tural Design (CAAD) at ETH Zurich. His
research and teaching focus on the simula-
tion of future cities, artificial intelligence

in architecture, and spatially distributed
collaborative design.
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An app that fosters

connection

The EduApp - one of the most successful Innovedum projects - has been
enhancing classes at ETH since 2012 by fostering interaction between
professors or lecturers and their students.

Lecturers initially attempted to get students more in-
volved in lecture courses by using “clickers”. These
allowed them to ask the students questions during class,
similar to a quiz. “The clickers worked really well as far
as creating a picture of the students” progress goes. But
you needed a deposit to borrow one, they were often left
lying around and got lost, or the batteries went dead,”
recalls Marinka Valkering, an educational innovation
expert in ETH Zurich’s Educational Development and
Technology administrative department (LET).

This led two of her LET colleagues to come up with an idea
that would allow students to answer the clicker questions
on their laptop, tablet or smartphone. They also wanted
the application to feature other interactive functions and
support students in their everyday routines.

The first version of EduApp was piloted in the class-
room in 2012. It contained not only a student’s personal
schedule, but also things like a campus map with floor
plans of the buildings and event spaces. “That's how

first-semester students found their way to events,” Valk-
ering says.

Since then, the application has steadily expanded. If any-
one is looking for a room to study or do group work in,
they can check EduApp to see if a suitable space is nearby.

Professors and lecturers can benefit from numerous Edu-
App functions, too. “The main goal is to foster interaction
with students in large lecture courses,” Valkering says.
Besides the clicker questions, this happens on two chan-
nels. One is the course forum, which functions much like
a group chat where students can ask questions about the
course and discuss them with the professors or lecturers
or their colleagues.



The second is semester feedback: a survey that asks stu-
dents for their impressions of the course. As the survey is
given six weeks into the course, lecturers can adapt their
materials if necessary while the semester is still ongoing.
In Autumn Semester 2017, a total of 112 surveys collected
over 60,000 responses.

But professors and lecturers use the clicker function even
more: last year, a total of 10,807 students in 155 different
courses submitted more than 267,000 answers. The clicker
questions can also be enhanced with images or formulas.
“The questions have proven to be a good way of involving
the students more in the class,” Valkering says. But pro-
fessors and lecturers have to plan enough time for them.
For instance, it makes sense for students to talk amongst
themselves before they submit their answers.

The lecturers project the submitted answers on the screen
before discussing with the students which is the correct
one and why. Crucial to the learning process is the type of
clicker question: simply asking for facts leaves students

feeling unchallenged. “Questions that encourage reflection
and uncover potential comprehension problems are better,”
Valkering says.

Constantly expanding EduApp makes the software ever more
complex, pushing it to its performance limits. As a result,
over the last two years ETH's IT Services has completely re-
designed EduApp. “This increased its stability and enables
us to further enhance the app in the future,” Valkering explains.

In cooperation with the Association of Students at ETH and
the teaching staff, Valkering has already drawn up a list of
requests for additional functions. “Now we have to look at
our budget and decide which requests we can fulfil,” she
says. The goal is to bring out a new version every year. In
Valkering's view, EduApp should maintain its clear focus on
use in teaching at ETH, but it could be expanded to coach
students on study habits, say, or help them with time
management.

Marinka Valkering studied Applied Educa-
tional Science and Technology at the
University of Twente in the Netherlands.
She initially joined ETH Zurich as an
educational developer in the Department
of Biology, before becoming an education
innovation expert in the Educational
Development and Technology administra-
tive department.
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Students don’t benefit from end-of-semester course evaluations -
and professors and lecturers quickly forget the lessons learned.
Online tool Pele can help: it makes it possible to optimise a course

while it is still ongoing.

About 500 students and one lecturer in a lecture hall -
not a simple set-up for an experiment. How can the lecturer
be sure that the students who attend the course and spend
around 90 percent of their learning time on the computer
understand the material? And how can the students get
face-to-face feedback from the lecturer to help them move
forward?

Online tool Pele - the Personal Electronic Learning En-
vironment - provides the solution. Developed by Lukas
Fassler, Markus Dahinden and David Sichau from the
Department of Computer Science at ETH Zurich, Pele
makes it possible to provide students with real-time sup-
port. Every week, the lecturer tracks how much time the
students spend on their tasks as they prepare for the lecture
on the computer, noting where they progress quickly and

After receiving his doctorate at the Depart-
ment of Computer Science, in 2013 Lukas
Fassler became a computer sciences lec-
turer for natural sciences students at various
departments. He heads teaching projects
and is committed to teaching computer
science at the interface between upper
secondary school and university.

where they have problems and are getting stuck. With the
large amount of statistical data gathered, the lecturer can
respond to students’ performance and adjust the require-
ments of the examination.

But Pele also helps out the students. During the semes-
ter, they meet six times with a teaching assistant who
gives them face-to-face feedback in a conversation lasting
about 15 minutes. Students can in turn evaluate this feed-
back via Pele. If a teaching assistant is frequently given a
poor rating or always scores extremely well, the lecturer
takes a closer look and does a quality check of the
large learning system in the interest of the students.
“Pele turns lecturers into pilots who have an overview
of the students’ learning progress and the quality of the
assistants work,” Fassler says.




Everyone is talking about the future of
universities. For centuries, the aura of
an ivory tower clung to these institu-
tions, but now there is hardly a stake-
holder in society that is not concerned
in some way with their tasks and poten-
tial. School administrations and polit-
icians, professors and target groups in
business and local government - many
see institutions of higher learning as a
necessity, especially when it comes to
mastering the challenges of digitalisa-
tion. The tendency is to rely primarily
on excellent research — and not without
good reason. In contrast, discussions
about teaching have subsided. Aside
from some culturally pessimistic
complaints about the drawbacks of the
Bologna Process and occasional refer-
ences to the impending replacement of
our lecture halls with online offerings
(called MOOCs), little is being said. This
is regrettable, as teaching can indeed
play a crucial role in the quality of an
institution.

The past

Up until the 18" century, universities
were financed by the local ruler as
places for disseminating professor-
ial knowledge. Their main emphasis
was on theory, although all branch-
es of study were careful to ground

theoretical knowledge firmly in profes-
sional practice: "high” subjects such
as theology, jurisprudence or medicine
enjoyed a higher status than those
studied by “artists” (the forerunners
of philosophers and scientists), which
were accorded only an introductory
function. In the 19" century, three
models established themselves in
Europe, where they have shaped our
understanding of the university right
up through the end of the 20" century:
the German Humboldtian model; the
Anglo-Saxon liberal arts education;
and the French engineering education
system.

“While digitalisation may
call into question the
means of knowledge
transmission, the core
function of university
education remains intact!”

Humboldtian education saw itself as
a means for passing subject-specific
expertise on to future academics, with
university studies the ideal means of
obtaining that education. In contrast,
the Anglo-Saxon model opted for a

‘eaching and
nnovation

broader canon of content, the teach-
ing of which aimed mainly to embed
the graduates successfully in society
(citizenship). As for France’s engineer-
ing universities (grandes écoles), their
goal was to prepare elites for service in
the public sector. In Switzerland, too,
this development had an impact, which
we can still recognise in the organisa-
tion of education at our universities:
in Basel, Zurich and Bern, the uni-
versities embraced the Humboldtian
model's wide array of subjects on offer,
whereas ETH emphasised engineering
expertise and preparation for higher
technical professions - areas import-
ant to the young confederation.

These historical differences have af-
fected the way students regard their
university education. For example, in
the Anglo-Saxon view (now adopted
worldwide), they do not question the
principle of selectivity in university
admissions based on an open-ended
application process. This is bound
up with the idea that the quality of a
university can also be measured by
the quality of its students. Continental
Europe takes a completely different
approach, as the idea of the right to
study - ideally through a selection-free
process - was dominant here for a long

Prof. Dr. Antonio Loprieno

Since 2000, Antonio Loprieno has been Professor of
Egyptology at the University of Basel, where he has also
been Professor of the History of Institutions since 2015.
In addition, from 2006 to 2015 he was Rector of the
University of Basel, and from 2008 to 2014 he was
President of the Swiss Rectors’ Conference (CRUS; now
called swissuniversities). Loprieno is active in a number
of universities, a member of various internationally
significant scientific societies, and co-publisher and
editor of a variety of scientific publications. He has been
President of the Austrian Science Board since 2016, and
President of the Swiss Academies of Arts and Sciences
since 2018.
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time. Such asymmetry in the relation-
ship between students and institutions
has two important consequences: First,
universities that are permitted to select
their students can adapt their offerings
to supply and demand better than those
for which a selective approach is an
unknown concept. Second, quality in
teaching is given more weight in the
Anglo-Saxon system than in the Euro-
pean one.

Current trends

For twenty years, the European univer-
sity landscape has been attempting to
reconcile the differences between these
models. The Bologna Declaration (1999)
brought concerns about the quality of
academic teaching to public attention

across Europe. Authorities introduced
a formal study architecture that pre-
scribed the ideal sequence: (general)
education at the Bachelor level, followed
by (professional] training at the Master
level. Humboldtian as well as technical
universities in continental Europe have
now formally adopted this new study ar-
chitecture, but in reality they adhere to
the model of a compact discipline-based
education. We do not generally view the
Bachelor's degree as an education in its
own right; what qualifies a graduate for
a profession is the subsequent Master’s
degree.

My initial feeling is that this will change
in future: Bachelor’s and Master’s de-
gree programmes will be organised

less sequentially. We will not be able to
avoid placing greater value on under-
graduate education and redesigning
it to serve as better preparation for
several Master’s programmes. An ex-
cellent example of this shift is the new
Bachelor in medicine at ETH: not only
scientific, but computational expertise
too is becoming ever more necessary
at the undergraduate level if students
are to benefit fully from studying an
applied subject, such as clinical medi-
cine at the graduate level. The trend is
clear - a basic general education for
the Bachelor's degree, specialisation
for the Master's.

The emergence of competition has
altered the course of the past two

1973

Students attend a lecture
in a large hall on the
Honggerberg campus.



decades’ debate around the role of uni-
versities. With the growing importance
of efforts to raise third-party funding,
and the proliferation of research KPIs
and international rankings, an idea of
“excellence” has arisen, based on the
Anglo-American model of the glob-
alised world-class university. Although
the actualinformation these indicators
provide has often been called into
question (and rightly so), the pressure
on universities to compete for greater
visibility has genuinely increased. This
development has created a hierarchy
of institution quality in the public per-
ception: 15 years ago, the differences
between a general university and ETH
were clear to see in the courses they
offered. Today, however, no one in

Switzerland would question the super-
ior quality of ETH — ultimately based on
rankings.

Where is university education headed?
As a result of this shift, the view of
the university is changing. Whereas
teaching in all three historical models
was viewed purely in terms of discip-
lines, growing attention to rankings is
increasing the importance of looking
at the university as a whole. In addition
to research, teaching is also becoming
a key factor in the formation of an in-
stitutional identity. But how exactly can
teaching create such an identity?

A university’s range of activities and its
sphere of influence can be understood

as a coordinate system with the axes of
knowledge and application. Near the
intersection of the two is what could
be termed “learning” or “basic edu-
cation”. The differentiation of the last
15 years has spurred a move toward
strategically manageable options: is
the emphasis in research and teaching
to be mainly on scientific excellence,
as in the model of top Anglo-American
universities, and thus with positioning
along the knowledge axis? Or should
these activities focus more on the
needs of the labour market, as politics
and industry often expect, and move
along the application axis? Of course, a
university’'s overarching strategy must
give due consideration to both impuls-
es. By aiming for a precise position

2016

Active learning in groups.
Ina “flipped classroom”,
students discuss the
material they learned for
themselves at home.
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somewhere in between, an institution
may well create its own USP.

However, the dilemma these two axes
pose also entails a certain risk for
university teaching. A focus on raising
third-party funds or on how to ap-
proach the quantitative measurability
of research performance could induce
a university to abandon the education
of students as its primary mission.
This risk is present in Central Europe
because we are completely unfamiliar
with the American liberal arts colleges
or the French grandes écoles - insti-
tutions that enjoy broad acceptance in
society, but do little to no research. For
us itis different: research and teaching
belong together, and in a qualitative

sense as well. At a research-intensive
institution such as ETH, | believe the
solution to this dilemma lies in innov-
ation - prioritising both outstanding re-
search and its translation into specific
commercial applications. Of course,
the most important conduit for the
transfer of research findings is the
university’s graduates themselves; and
the more innovation is made a feature
of their learning experience, the better
the transfer.

But what does “innovation”, a word
that originally had economic overtones,
mean when applied to teaching? How
do | distinguish between short-lived,
fashionable trends that | do not ne-
cessarily need to follow, and long-term

developments that | need to take into
account for the purposes of innovation?
The burgeoning significance of techno-
logical innovation is particularly plain
to see in the case of MOOCs, a shift that
seems to herald the end of the sover-
eignty of “book learning”. But a word
of caution: while digitalisation may call
into question the means of knowledge
transmission, the core function of
university education - the interaction
between teachers and learners - re-
mains intact!

Digital development has implications
that reach far beyond the technological
aspects and impacts the very nature
of study. The first of these is the tran-
sition from understanding knowledge

|
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Internship in the machine
laboratory. Students
designing aircraft.



as something individual to viewing it
as something communal. Traditionally,
our teaching is based on the premise
that lecturers convey “their” personal
knowledge - either from the front of
a classroom or in an interactive set-
ting. The digital transformation is now
confronting us with a different under-
standing of knowledge, which is no
longer administered by a person, but
by a community. This requires profes-
sors and lecturers to approach their
role with a new mindset. Digitalisa-
tion has theoretically put each of us
just three mouse-clicks away from
a revelation worthy of a Nobel prize;
as a result, teaching’s primary focus
is shifting from the transmission of
knowledge to how to manage it. How

2015

Project work. Students are
given a practical task to
sharpen their design and
product development skills.

can we, through excellent teaching,
provide our students with tools that
enable them to assess independently
the scientific integrity and plausibil-
ity of the knowledge transmitted to
them? That is the core challenge of
good teaching at a research-focused
academic institution.

Digitalisation’s second implication for
teaching derives from the first, and
extrapolates its effects to the level of
society in general. The digital transfor-
mation puts all knowledge at our dis-
posal unfiltered - not just high-quality
information, but unfortunately unsci-
entific knowledge as well. This means
that for teaching at a university to be
truly excellent, it must transcend the

purely subject-specific dimension.
When they go out into the world, gradu-
ates need to be not only experts in one
particular subject, but scientifically
trained young people ready to take their
place in their communities. Only then
will first-class universities be living up
to their responsibility to society.®
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Project-based learning

Jt what Is

it Like In

the real world?

One project for hundreds of first-year students? The Department of
Mechanical and Process Engineering proves that it works. Mirko Meboldt
and his team took over the Innovation Project in 2012 and continue to

develop and refine it.

Mirko Meboldt, a professor of product development, is a
champion of the intersection where theory meets prac-
tice. Not only because the professional world needs ap-
propriately  trained
engineers, but also
because the practical
application of the-
oretical knowledge
heightens the learn-
ing effect. It is this
intersection that lies
at the heart of his
Innovation  Project
course.

Split into groups of 5,
500 second-semester
mechanical engineer-
ing students were
asked to  devel-
op a system from
initial idea to ro-
bust, functional solution: a mechatronic system. To
carry out this project, not only did they need to apply
what they had already learned in computer science,
design, mechanics and materials science, but they
also had to learn additional information. “We deliber-
ately pull students out of their comfort zone,” Meboldt
says. Nevertheless the students plunge ahead with en-
thusiasm: calculating, designing, testing, scrapping.

in groups on new mechatronic systems.

Mechanical engineering students working

Yet how is it possible to guide and support up to 500 students
in one project? That's the job of the 30 coaches - students
from more advanced semesters who lead the groups, helping
them to work as a team
and to bring the project
to a successful con-
clusion. These more
advanced students re-
ceive coaching training
in a parallel course to
help them in their task.
As a result, their role in
the Innovation Project
equips them with the
basics of management
and coaching, which
they can immediately
apply in practice.

Professor Markus Mei-

er laid the groundwork

for the project-based
teaching format in the Department of Mechanical and Pro-
cess Engineering over 20 years ago. Since then, the basic idea
has kept pace with the industry’s rapid changes. His succes-
sor Roland Siegwart fleshed out the core concept of the inno-
vation projects, and when Meboldt joined ETH Zurich in 2012,
Siegwart handed over the course to his young colleague. Me-
boldt devoted himself to further developing the format, and it
won the inaugural KITE Award in 2016.¢

Prof. Dr. Mirko Meboldt

After several years in industry, Mirko
Meboldt joined ETH Zurich in 2012 as
Professor of Product Development and
Engineering Design. His research focuses
on the use of new technologies for the next
generation of products and development
processes.



Project-based learning

Mixed reality delivers
new Insights

Mixed reality is becoming enormously popular in many different
industries. Initial pilot projects show that the technology offers

potential for education, too.

Real objects, such as furniture in a room, overlaid with
virtual elements: mixed-reality headsets such as the Ho-
loLens from Microsoft can create this illusion perfectly.
Users can don the headsets and tour the resulting holo-

grams, actually walk-
g .

ing through them.
. ‘

Initial pilot projects
indicate that these
headsets can
broaden educatio-
nalhorizons, too. One
example is the Com-
puter-Assisted Drug
Design course taught
by ETH Professor
Gisbert  Schneider,
who uses the Holo-
Lens in a two-
week block practical
course. To develop
a new medical drug,
students have to
find molecules that can interact with a certain protein.
“This mean students have to be able to envisage the
protein’s surface, especially any indentations the

to study the surface of a molecule.

Students using HoloLens mixed-reality headsets

molecules could fit into,” explains co-instructor Jan
Hiss. Obtaining this visual picture is no easy task. A
protein’s surface is defined by the position of the atoms
it is composed of. The individual atoms have a van der
Waals radius, which
is specific to each
atom. These radii
produce a spherical
model of the pro-
tein. “If you take,
say, a water mol-
ecule and roll it over
this spherical model
of the protein, a new
surface emerges. Its
shape depends upon
where the water mol-
ecule goes,” is how
Hiss explains the
solvent-accessible
surface area principle.
To visualise this prin-
ciple, he wuses the
HoloLens. As Hiss describes it, “The headset allows the
students to essentially become the water molecule and
immerse them-selves in the protein.”e

Prof. Dr. Gisbert Schneider

Since 2010, Gisbert Schneider has been
Full Professor of Computer-Assisted Drug
Design at the Institute of Pharmaceutical
Sciences and has served as Associate Vice
President for ETH Global since January
2018. His research focuses on the develop-
ment and application of adaptive intelligent
systems for molecular de novo design and
drug discovery. His Computer-Assisted
Drug Design course was one of three
finalists for the 2016 KITE Award.
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The educational developers support teaching staff on all issues related
to teaching, and coordinate developments within the degree courses.
In their network, they take pains to ensure that teaching innovations find

broad application across ETH Zurich.

ETH Zurich has a total of 11 educational developers who
help the teaching staff to further develop and improve their
teaching. At the same time, they make sure that innovative
teaching ideas are not limited to any one department.

As an educational developer in the Department of Mater-
ials, Sara Morgenthaler works with professors, lecturers
and students. She supports teaching staff in the didactic
and methodological aspects of their roles, for instance
when they want to use tools such as EduApp in their
classrooms.

Morgenthaler places particular value on feedback from
students. “| meet regularly with semester spokespersons
from every year group. That's how | find out what their con-
cerns are,” she says. For example, students might point out
to her overlaps in the content of certain courses, which she
can then discuss with the lecturers involved. In addition,
Morgenthaler regularly meets with students to discuss is-
sues on the agendas of upcoming Teaching Services meet-
ings. This official body makes suggestions for new course
offerings or changes to programme regulations.

Morgenthaler gathers further information in meetings
with other educational developers as well as with experts
from the Educational Development and Technology ad-
ministrative department (LET). At these meetings, the de-
velopers discuss new teaching methods and the current
state of education development in the academic depart-
ments.

For instance, the mathematics department set up Study-
Centers for the first time in Autumn Semester 2015. These
are specific times during which teaching assistants help
students go over the lecture material in more depth and
solve problems together. Since then, this idea for sup-
ported learning has also been established in chemistry
and biology, not least thanks to the network of educa-
tional developers.

Another teaching innovation is eSkript, or electronic
script, which Morgenthaler and her network of colleagues
have helped bring to a broader audience. eSkript is a tool
that helps professors and lecturers develop interactive
lecture materials as quickly and easily as possible. Ori-



ginally created for the Department of Health Sciences and
Technology, professors and lecturers from a half-dozen
other departments now use this tool.

“I meet regularly with semester spokes-
persons from every year group. That’s how
| find out what their concerns are.”

In addition to her everyday tasks, Morgenthaler joins with
Professor of Materials Theory and Director of Studies
Nicola Spaldin to coordinate revisions to the materials
science degree programmes. This area has made some
major changes in the past decade: It is no longer divid-
ed into classes of materials - metal, ceramics, polymers
- but focuses instead on common characteristics. So for
example, there is a Professorship for Complex Materials
and another for Multifunctional Materials. Morgenthaler
says, “We want to better reflect this new organisation of
the field at the Bachelor’s level.”

To design the new curriculum, Morgenthaler is involving
professors, lecturers and students alike - as well as ETH
alumni who now work for companies such as ABB, RUAG
Space and Sonova. The idea is for these graduates to con-
tribute their experience in industry to the realignment of
the degree programme.

At the moment the new concept is under intense discus-
sion, so the specifics are still up in the air. However, some
initial ideas are already emerging. “For the first time, it
will include engineering projects in which the students
take apart, say, a ski or a lamp - and identify and work
on materials science questions derived from the product,”
Morgenthaler says.®

Dr. Sara Morgenthaler

Sara Morgenthaler studied materials
science at ETH Zurich and the University of
Cambridge before earning her doctorate at
the Laboratory for Surface Science and
Technology in 2007. In addition, she has
been head of the Competence Center for
Materials Research, and then the Compe-
tence Center for Materials and Processes.
Since 2015, she has been an educational
developerin the Department of Materials.
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nspiring motivation:

Manufacturing the Future: 180 ETH students from 16 departments
worked on this topic together for one week. In interdisciplinary teams,
they learned how the economy’s production systems function.

ETH Week is a special event. To foster critical thinking
and creativity in its students, ETH Zurich puts them into
contact with professionals over the course of one week.
The students are asked to identify the problem they want
to solve - and not, as is so often the case, to carry out
an assigned task. During ETH Week, students from all
disciplines work together on real-life issues, with the
support of science, industry and social experts from in-
side and outside ETH. At the same time, they learn to
communicate with a wide range of people.

The topic for ETH Week 2017 was Manufacturing the Fu-
ture. It focused on challenging today’'s and tomorrow’s
production methods and their effects on society, and
developing ideas for improvement: How can we make
effective practical use of the new opportunities digital
factories offer? How should we design collaboration be-
tween humans and machines? And not least, how do we
manage materials and resources? These were the ques-
tions students were mulling over last autumn on the
Honggerberg campus.

The organisers designed a comprehensive programme
to help the participants familiarise themselves with the
information necessary for this task. Project work was
interspersed with field trips to companies plus lectures
and discussions with experts. Topics ranged from engin-
eering and the natural sciences to social sciences and
the humanities, including fields such as politics and
psychology. One goal of the project was to bring the stu-
dents into contact with actual real-world requirements.

“The approach of this year’s ETH Week - to rigorously re-
late productiontechnologies to peopleand placethemina
wider social context - is probably unique in the Swiss edu-
cation landscape,” says co-organiser Stefano Brusoni,
Professor of Technology and Innovation Management.
Feedback from the participating students was positive:
they said the week was inspiring, the cooperative group
work motivating; they tried out new ways of learning,
as people from various disciplines developed ideas and
created something new together.

ETH Week, which always runs for six days, is part of the
university’s Critical Thinking Initiative. It provides par-
ticipants with the tools they need to tackle complex prob-
lems using an interdisciplinary approach. The event's
focusison cultivating institutional diversity, the exchange
of ideas across disciplinary boundaries, critical thinking
followed by self-critical reflection, and independent,
responsible action.

ETH Week is made possible by the Avina Stiftung. As part
of its commitment to learning, this foundation supports
new approaches in education, training and the promo-
tion of corporate action. 2017 was the third year ETH
Week has been held. In 2016 the theme was Challenging
Water, and in 2015 it was The Story of Food. The fourth
ETH Week will be held in autumn 2018 with the theme of
Energy. This year, the project reached the final round of
the KITE Award (see p. 14).



ETH Week brings students into contact
with business and political experts.
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Project-based learning

L earning the vagaries
of autonomous driving

with

rubber d

uckies

The Duckietown educational project connects students at ETH Zurich

with their peers from Montreal and Chicago. Together they operate a

fleet of small autonomous vehicles - in the process solving problems that
developers around the world grapple with as they work on self-driving cars.

The Duckietown educational project connects students at
ETH Zurich with their peers from Montreal and Chicago.
Together they operate a fleet of small autonomous ve-
hicles - in the process solving problems that developers
around the world grapple with as they work on self-driving
cars.Small robots wend their way along streets marked out
with tape. Perched atop the robots are rubber duckies -
emblems of what have been dubbed “Duckiebots”. The
moving robots brake when they encounter a traffic jam, and
stop at intersections to allow others to proceed.

What looks like child’s play actually requires highly com-
plex systems to harmonise hardware components, sensors
and motors. Each semester of the course is devoted to one
aspect of that interplay. All the groups consist of students
from three universities: besides ETH Zurich, the other
Duckietown project participants are the Université de Mont-
réal and the Toyota Technological Institute at Chicago. “We
place great value on making the course a shared experi-
ence,” says Andrea Censi, senior assistant in Professor
Emilio Frazzoli's research group in the Department of Me-
chanical and Process Engineering. Instead of only studying
for tests, students are asked to solve problems as teams.

The biggest challenges in doing so are often of a practi-
cal rather than a theoretical nature. Components don't fit
together properly, or the sunlight streams in at the wrong
angle, threatening to throw the robots off course. “Things
don’t work the way the textbooks say they should. There
are no perfect systems in robotics, and this is where our
students learn how to cope with that,” Censi says.

The solutions the students develop are readily available
and the code that controls the vehicles with their rubber
duckie pilots is open source, so anyone around the world
can benefit from this pioneering work. The students bene-
fit, too: by showing that they can successfully complete the
group project under time pressure, they reach their learn-
ing goal - while at the same time acquiring a skill that is in
high demand in industry.e

Students teaching “Duckiebots”
autonomous driving.

Prof. Dr. Emilio Frazzoli

Emilio Frazzoliis Professor of Dynamic
Systems and Control. He is an expertin the
areas of control, distributed systems and
algorithmic robotics. His research findings
in the field of smart urban mobility have
attracted huge interest worldwide. Previ-
ously, he was a professor at the Massachu-
setts Institute of Technology (MIT).




Building (for) the future

_earning spaces

One hundred years ago, students attended lectures at which
the professor took centre stage. For books, they went to the
library. “Today, increased mobility and digitalisation are mak-
ing knowledge less centralised,” says Christian Feghali, a
real estate portfolio manager at ETH Zurich. In contrast to
days gone by, professors are taking on more of a coordinat-
ing role as they guide students to key questions.

Even the rooms at ETH Zurich are adapting to these
changes. Naturally there will still be auditoriums, espe-
cially for the large lectures for introductory courses. But at

that brir
ideas to life

the same time there is a clear trend towards more open and
more flexible learning spaces. “Larger spaces with more
zones: places to meet and have discussions, and quieter
areas for concentrated work,” Feghali says.

An example of this transformation is the Student Project
House - a creative interactive space and workshop where
students can bring their own ideas to life.®

ETH Zurich has been running a pilot project on the
Honggerberg campus for the last two years.

This is what the Student Project House might
one day look like on the inside (visualisation).
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Building (for) the future

ne Student Project
ouse pilot

At the Student Project
House pilot location,
students are already
drafting new projects.
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In the Student Project |

House's Maker Space

workshop, they build ~ ®
models and prototypes.
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Support educational
initiatives at ETH

Various projects were made possible by donations from foundations
and private individuals, among them the Avina Stiftung and the Emil

Halter Fonds. Here we present two projects that took shape thanks to
the commitment of Adrian Weiss and the Adrian Weiss Stiftung.

You, too, can support innovative educational projects at ETH and help to advance teaching at
the university. ETH teaching staff regularly submit new project ideas and seek financial support
to make them a reality. For information on projects and funding opportunities, please contact:

ETH Zurich Foundation T +41 44 633 69 66
Weinbergstrasse 29 infoldethz-foundation.ch
8006 Zurich

www.ethz-foundation.ch



Project: MINTechnik-Akademie 10+

Project management Prof. Dr. Elsbeth Stern Seed capital CHF 35 000

Project status in preparation

For many years, ETH Zurich has helped to optimise pri-
mary, secondary and grammar school instruction in STEM
subjects - science, technology, engineering and mathema-
tics - known in German as MINT subjects. The Swiss MINT
study (SMS) examines what impact classes based on the
latest insights into teaching and educational research have
on the learning and mental development of primary school
students. As part of the study, some 6,000 children in 300
primary school classes receive age-appropriate instruction
in physics. In the project, supported by Adrian Weiss, the
focus is on finding children who scored particularly well
on the SMS study test. They will have the opportunity to

Project: Learning with HoloLens

participate in special learning units, where they will work
directly with pedagogically trained scientists to learn, for
example, what makes bridges stable. Content on materials
and health sciences is planned as well.

Further funds would make it possible to expand the SMS
study. Currently, the focus is on 8- to 10-year-olds, but
there is no follow-up solution for children aged 11 to 13.
However, studies have shown that it is precisely in this age
bracket that many girls turn to linguistic interests, even if
they have top qualifications for STEM subjects.®

Project management Thomas Korner Seed capital CHF 50 000

Project status pilot phase

Many experts see mixed reality as the next big thing. Last
year, Microsoft launched the HoloLens, which enables a
comprehensive range of mixed-reality applications. It cer-
tainly holds potential for use in the classroom.

ETH wants to run pilot projects to examine what opportun-
ities HoloLens opens up for education. Twelve such headsets

Interview with Adrian Weiss

have already been purchased, and the university is now seek-
ing funds to support the programming of applications with
which the devices can be used in teaching. The Educational
Development and Technology administrative department
supports the projects.e

| want to inject momentum

Into education”

Mr Weiss, you have supported innovative teaching projects

at ETH for several years. What motivates you?
| studied architecture at ETH, and have benefited from that
outstanding education my entire life. Now | want to give
something back to ETH and to the scientific community
in general. | want to inject momentum into research and
education, and foster appropriate plans and pilot projects
in the most direct and unbureaucratic way possible. That's
why | established a foundation that can dispense funds to
Swiss universities and universities of applied sciences. The
focus is primarily on ETH projects.

How do you ensure that the processes are as
unbureaucratic as possible?

One example is the Rector's Impulse Fund, which we
founded together with Rector Sarah M. Springman. The
Rector has full freedom to submit proposals, and we then

decide together which projects to finance. In addition,
every year we run several interesting research projects
in coordination with the ETH Zurich Foundation.

Which projects do you support? Or to put it another way,
what criteria do you use to choose projects?
We focus on areas that could be crucial to our future,
namely architecture, electrical engineering and com-
puter science. Architecture, because that’'s what | studied.
Electrical engineering, because | worked for many years
in the family companies my father built up. And computer
science, because it's a fascinating subject and one of my
hobbies.*

ETH alumnus Adrian Weiss is the
founder and president of the board of
trustees of the Adrian Weiss Stiftung.
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