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TECHNOLOGY  
AND SOCIETY
By their very nature, new technologies awaken great hopes. At the 
same time, they also arouse fears. Take personalised medicine: 
while it promises treatments tailored to individual sufferers, it also 
forces us to think about how to securely handle all the sensitive 
patient data. The situation is much the same in artificial intelli-
gence: computers that are capable of learning could help to im-
prove the accuracy of medical diagnoses, say, or lighten the load 
for lawyers by independently conducting time-consuming  
research. But the fear is that this will mean the loss of thousands  
of highly qualified jobs.

Fears of job losses are nothing new; they have arisen with every 
previous round of technological upheavals. Thankfully, these 
concerns have always turned out to be unfounded. On the contrary, 
each wave of technological change has created new, and usually 
more attractive, jobs. There’s no reason for things to turn out any 
differently in future, just so long as we are prepared. The key to 
this is knowledge transfer, be it in the form of education – and 
continuing education – or through the establishment of spin-offs.

At ETH Zurich, hundreds of researchers are working on the 
foundations of future technologies and developing possible appli-
cations for them. At the same time, ETH is also training specialists 
for the Swiss economy who will use these novel technologies and 
develop marketable products with them. Whether, and how, those 
technologies transform our daily lives depends on entrepreneurs – 
and ultimately on customers and citizens.

In this issue of Globe, we present a selection of ETH researchers 
who are working at the forefront of new technologies. We also take 
a look back to see how the use and significance of key technologies 
can change over time.

Lino Guzzella, President of ETH Zurich
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Materials science

AN ALL-ROUND 
COATING

Implants must not only work well and 
fit the body; they also need to remain in 
place for as long as possible. However, 
this can lead to certain problems, such 
as the accumulation of bacteria over 
time on the implant’s surfaces. The 
build-up of biofilms on surfaces is an 
undesired effect in many other areas  
of application, too. Materials scientists 
solve this problem by treating mater- 
ials with a repellent coating, but many 
of the coatings currently in use do not 
have a high enough resistance. Those 
that do are expensive to use and some-
times require toxic solvents. No simple 
solution to this problem has been 
forthcoming.

Scientists at ETH Zurich and an 
ETH spin-off have now developed a 
new type of polymer that prevents 
build-up of biofilms on a surface. For 

Heart failure

BREAKING THE 
VICIOUS CIRCLE OF 
HEART FAILURE

In patients with heart failure, the 
pumping power of the heart decreases 
in a fatal downward spiral. Pharma-
cologists at ETH Zurich and the Uni-
versity of Zurich have now succeeded 
in breaking this vicious circle in the 
mouse model by inhibiting the GRK2 
enzyme. The researchers believe they 
can one day use this approach on 
 humans as well.

the first time, various materials can be 
treated with the same polymer. A fur-
ther advantage of the new coating is its 
resistance: it can withstand even harsh 
conditions such as acids, alkalis, high 
salt concentrations and detergents. 
The coating is also very easy to apply. 

ETH spin-off Susos has submitted 
a patent application for the polymer. 
The scientists see possible applications 
mainly in biomedical diagnostics and 
medical technology, for example bio-
sensors, implants and future implant- 
able drug-delivery systems. Other pos-
sible applications could be in water 
treatment, ship transport, fishing and 
the food industry.

Drones

ETH PROGRAMME 
BECOMES STANDARD

An ETH doctoral student was among 
those researchers who developed the 
PX4 software used to pilot numerous 
drones. One of the world’s major elec-
tronics manufacturers recently adopt-
ed this software as standard: it is now 
an integral part of the “Snapdragon 
Flight” control platform made by 
Qualcomm Technologies, the market 
leader in drone processors. An open-
source product, PX4 already provides 
the infrastructure for flight control on 
thousands of systems.

PX4 is already being used on platforms such as the Airdog drone.

Photos: press photo from www.airdog.com, Colourbox
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Observations from space

THAWING OUT? 
Satellites enable us to map the earth’s 
surface in remarkable detail. This can 
help scientists to understand complex 
issues such as the effects of climate 
change – and there is nowhere this 
change is unfolding more rapidly than 
at high latitudes. Researchers at ETH 
Zurich’s Institute of Environmental 
Engineering are using data from radar 
satellites to quantify changes in 
permafrost landscapes. When frozen 
soil thaws and the ice it contains 
melts, this can cause the ground sur-
face to sink. Using radar data from the 
two TanDEM-X satellites operated  
by the German Space Agency (DLR), 
 scientists can calculate the surface 
 topography to the nearest decimetre. 
Any alteration in the land surface  
can then be derived from subsequent 
radar measurements. Changes in 
permafrost volume have both local 
and global impacts. They lead to the 
release of nutrients and sediments, 
and of greenhouse gases that can fur-
ther exacerbate climate change. The 
extent to which they contribute to 
both current and future temperature 
changes remains unclear, however. 

The different colours in this im-
age are produced by combining radar 
data from the two TanDEM-X satel-
lites. One colour cycle (green-red-
blue-green) corresponds to a differ-
ence in height of approximately five 
metres. 

Institute of Environmental Engineering: 
→ www.ifu.ethz.ch

Image: IfU / ETH Zurich

Radar images taken over the  

Siberian Lena Delta reveal that 

higher temperatures are causing 

the land surface to sink. 
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The mineral Perovskite is a key feedstock for the novel detectors for radiation Maksym 
Kovalenko and his group are developing.

Iron, sodium, magnesium and sulphur 
– with these four simple chemical 
elements, Maksym Kovalenko, Assis-
tant Professor for Functional Inorgan-
ic Materials at ETH Zurich, together 
with his colleagues at Empa (the Swiss 
Federal Laboratories for Materials Sci-
ence and Technology) in Dübendorf, 
intends to build a high-performance 
battery. 

The researchers’ goal is to over-
come a fundamental dilemma associ-
ated with the use of batteries for stor-
ing electricity. The ground-breaking 
lithium batteries now used in, for in-
stance, laptops, smartphones and elec-
tric cars are efficient but they are not 
well suited for large, stationary instal-

lations. Lithium, a light element, is 
available only in limited quantities, 
making it an unlikely candidate for 
large-scale use in building electrical 
storage devices. 

What Kovalenko has in mind are 
battery systems that are 1,000 times 
larger than the batteries in electric 
cars. The Ukrainian-born researcher is 
certain: “For this type of installation, 
we need economical materials that are 
available in sufficient quantities.” Pla-
cing such strict demands on your work 
is, of course, extremely limiting for a 
researcher. After all, it leaves very few 
elements in the entire periodic table 
that can be considered as potential can-
didates.

Pyrite is a key factor
Despite this demanding restriction, 
Kovalenko achieved initial success. 
The battery prototype he developed 
consists of a magnesium anode and a 
cathode made of crystalline iron sul-
phide, also known as pyrite or (popu-
larly) fool’s gold. As the electrolyte, the 
researchers use a solution of magne-
sium and sodium ions. The test battery 
in the lab withstood 40 charging and 
discharging cycles with no significant 
decrease in performance – a promising 
result for further development. 

It will, however, be some time 
 before such batteries are ready for 
practical application. “We really are 
just in the early stages of research,” 
Kovalenko explains. “When you con-
sider that it took 30 years to develop 
lithium batteries to their current 
 capacity,” he continues, “it’s clear that 
it will take several years to bring 
 lithium-free batteries like ours to 
 market.” 

Battery technology is a high-profile 
issue. “But this is actually just a small 
part of my work, even if it is a very im-
portant field,” he explains. “The other 
main focus of my research at ETH,” 
says the chemist, “deals with new semi- 
conducting materials.” His goal is to 
develop materials that are either better 
or cheaper than today’s compounds – 
or ideally both. His hope is that new 
materials will give fresh momentum to 
various sectors, such as radiation de-
tectors, solar cells or the manufacture 
of displays or LED lights. 

Materials research

Better and cheaper
High-performance batteries, luminous semiconductors, sensitive detectors: 
chemist Maksym Kovalenko is working to develop materials that  
are both more powerful and more economical than those we use today.

Photos: Maksym Kovalenko (2)

Clear colour is advantageous
Kovalenko has high hopes for halides. 
These materials combine metals – for 
instance, caesium and lead – with halo-
gens, such as chlorine, bromine or 
 iodine. Such compounds, known as 
metal halide perovskites, have ideal 
characteristics for the applications 
mentioned above. They are capable, 
for instance, of converting blue or 
ultraviolet light to any visible colour. 
“Our goal,” says Kovalenko, “is to 
 develop materials that are at least as 
good as those quantum dots used by 
major display manufacturers today.” 
These companies usually use indium 
phosphide or compounds containing 
cadmium. 

The materials Kovalenko’s group 
analysed, which are produced as nano-
particles in a suspension or in a poly-
mer matrix, offer two advantages: they 
are very economical to manufacture, 
and they are highly efficient emitters. 
They produce pure colours, meaning 
that lower energy losses arise from col-
our filtering in LCD displays, and cor-
respondingly higher energy efficiency 
can be attained than in the case of con-
ventional phosphors. 

Although development has now 
advanced to the point where these new 
compounds are now being used in the 
development of commercial products, 
as a basic researcher, Kovalenko still 
has a lot to do: How exactly do the  
nanoparticles grow in the suspension? 
What is their surface chemistry like? 
And how do the particles behave when 
they are embedded in a polymer? Can 
we fully replace heavy metals in such 

applications, retaining the colour 
 gamut of the lead-based counterparts? 
“The great challenge is to maintain the 
luminosity of these particles when we 
transfer them from the suspension to a 
solid form,” says the chemist. 

Research for security
These halide semiconductors are also 
of great interest in another field: they 
could be used to detect gamma rays, 
arising, for instance, from radioactive 
substances. “There are at present very 
few materials that can measure this 
form of radiation at room tempera-
ture,” explains Kovalenko, “and the 
best one is relatively expensive, too.” 
The need for affordable materials that 
can register radioactive decay will in-
crease in the coming years – not only in 
medicine or research, but also, for in-
stance, in security. In Kovalenko’s 
words: “In view of the current threat of 
terror, it would be helpful to have an 
affordable material that could detect 
this radiation at low levels. Then we 
could equip security personnel around 
the world with such detectors.” 

However, implementing this isn’t 
exactly easy: it takes a relatively  
thick semiconductor comprising heavy 
elements to even be able to detect the 
high-energy photons in the gamma ra-
diation. That’s why Kovalenko favours 
materials containing lead or caesium. 
“We’re currently able to use these ma-
terials to produce nanoparticles. But 
for the detectors, we’re developing  
millimetre to centimetre-size single 
crystals – which is one million times 
larger than the nanoparticles.” 

The chemist is now researching how to 
grow such materials from aqueous 
solutions or other solvents at low cost. 
“We need to develop a method for  
each compound of potential interest, 
and there are hundreds of such com-
pounds to be tested as hard-radiation- 
detectors,” he says, adding, “it will  
take a lot of persistent work to get to  
that point.” In any case, one thing is  
certain: for these new materials, a 
high- temperature growth from melts 
is no longer needed, but rather “only” 
an aqueous solution that doesn’t even 
need to be particularly pure, as crystals 
purify themselves when they crystal-
lize. 

Kovalenko’s work on batteries and 
new semiconductor materials spans 
two very different fields that have few 
direct points of contact. “Working in 
these fields is a balancing act,” he says. 
“It’s a major challenge, but also a huge 
asset,” he continues, “as each of these 
topics gives me fascinating insights 
into how materials work.” 
— Felix Würsten

Inorganic Functional Materials Group: 
→ www.lac.ethz.ch/kovalenkolab.html

The halide nanoparticles emit a rain-
bow of colours depending upon their 
composition. Combining caesium 

and lead with chlorine yields blue 
colours. Replacing the chlorine with 

bromine causes the materials to 
emit green. Adding iodine results in 

red tones; mixtures of these halides 
produce any other colour between those three.
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Robotics

FABRICATING ROBOTS 
WITH A 3D PRINTER 

It sounds like a child’s dream: if you’ve 
had enough of a toy robot, you can de-
sign another one on the screen in min-
utes and print out its individual parts 
using a 3D printer from a specialist 
shop. But now a team of researchers 
and developers from ETH Zurich, 
 Disney Research Zurich and Carnegie 
Mellon University has made this 
dream come true. They have devel-
oped a piece of software that allows a 
layperson to design custom robots and 
their movements quickly and easily. 
The user starts by creating a basic skel-
eton for the desired robot, specifying 
how many extremities the figure will 
have and how many segments there 
will be in the backbone. This skeleton 
can then be modified at will. 

The software offers tools that are 
comparable with those used in the ani-
mation of purely digital figures. How-
ever, unlike in digital animations, the 

robots must obey the laws of physics. 
In particular, physical robots cannot 
balance in every pose that is digitally 
possible, and there is a limit to the ac-
celerations that can be produced by the 
motors. The programme takes these 
factors into account and adjusts the de-
signs accordingly. 

Once the user has finished the 
 design, the programme automatically 
generates three-dimensional blue-
prints for all the segments of the body 
and for the connecting parts, which 
house the electric motors. Standard 
sizes of various commercially available 
motors are stored in the programme, 
so the user can simply select one that 
matches in order to obtain the con-
necting parts. The parts are fabricated 
on a 3D printer and, finally, the robot 
can be assembled by hand. 

The software is not yet publicly 
available, so at the moment it’s only 
the researchers who are having all  
the fun! 

Biosystems

BETA CELLS FROM 
LOVE HANDLES

Researchers at ETH Zurich have per-
formed a feat that many specialists had 
until now held to be impossible: they 
have extracted stem cells from a 
50-year-old test subject’s fatty tissue 
and applied genetic reprogramming to 
make them mature into functional 
beta cells.

In the presence of glucose, the 
beta cells generated using this “gen-  
e tic software” produce the hormone 
 insulin – just like natural beta cells, 
which are found in the pancreas. The 
new process can successfully trans-
form three out of four adipose stem 
cells into beta cells. And for the first 
time, the researchers have succeeded 
in reproducing the entire natural pro-
cess chain, from stem cell to differen-
tiated beta cell. In future, the ETH 

 researchers’ new technique might 
make it possible to implant new beta 
cells in diabetes sufferers that are made 
from their own adipose tissue. This 
would have a major advantage: using 
cells from material taken from the pa-
tient’s own body means that there 
should be no complications with the 
recipient’s immune system, unlike 
transplants of donor organs or tissue. 

At the moment the ETH research-
ers are still at the stage of culturing 
their beta cells. But they are confident 
that this new method could also be 
used to produce other cell types from 
adipose stem cells. If so, this would 
 offer a highly promising approach that 
could also be suitable for other medical 
applications. 

Volcanoes

DANGEROUS  
BUBBLES IN MAGMA 
RESERVOIRS

In 1816, summer failed to make an ap-
pearance in central Europe, leading to 
widespread starvation. This phenom-
enon stemmed from the eruption of 
the Tambora volcano in Indonesia one 
year earlier, which spewed huge 
amounts of ash and sulphur into the 
atmosphere, darkening the sky. 

Since then, volcanologists have 
developed more precise ideas of why 
super-volcanoes are so explosive. Gas 
bubbles tend to accumulate in the up-
per layers of magma reservoirs, which 
are only a few kilometres beneath the 
earth’s surface. Researchers from 
ETH Zurich and the Georgia Institute 
of Technology studied the behaviour 
of these bubbles in a computer model, 
examining in particular how bubbles 
in crystal-rich and crystal-poor layers 
of magma reservoirs move buoyantly 
upward. They discovered that the 
bubbles rise much faster in crystal- 
rich, porous zones, whereas they accu-
mulate in the crystal-poor viscous 
melt beneath the roof of the magma 
reservoir. This eventually leads to 
overpressurisation of the reservoir. It 
is not yet clear, however, whether sci-
entists will be able to use the simula-
tion to predict volcanic behaviour. 

Open source hardware

OPEN-SOURCE 
MICROPROCESSOR
Scientists from ETH Zurich and the 
University of Bologna have published 
the full design of a microprocessor 
system that they developed in a joint 
project. This will enable other devel-
opers to use the system on an open-
source basis, benefiting both the re-
search community and SMEs. Known 
as PULPino, the newly developed 
processor is intended for battery- 
powered devices with extremely low 
energy consumption such as smart-
watches, sensors for monitoring 
physiological functions, and the Inter-
net of Things. 

A five-legged monster designed on the computer and fabricated using a 3D printer

PULPino is considerably smaller than the PULP microprocessor chips shown here. 

Photos: Peter Rüegg, Jialinag Gao / Wikimedia Commons

Supercomputing

COMPUTING POWER 
FOR RESEARCH

The Swiss National Supercomputing 
Centre (CSCS) will soon be upgrading 
the hardware of its “Piz Daint” super-
computer. With a peak performance in 
excess of seven petaflops, Piz Daint  
is currently Europe’s most powerful 
supercomputer, and this latest up-
grade is expected to at least double its 
computing power. ETH Zurich is in-
vesting around CHF 40 million to en-
sure that the computer infrastructure 
is resilient enough to cope with the in-
creasing demands of high-performance 
computing. This is particularly impor-
tant for high-resolution simulations 
and for the field of data science, which 
ETH Zurich is keen to establish as a 
research priority. 

Tambora volcano

in Indonesia
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ROCKETS enable us to fly to the moon or launch 
 satellites into space for all sorts of missions. Or make 
a powerful statement. 

KEY 
TECHNOLOGIES 

AND WHAT  
WE USE THEM 

FOR

“It’s not technologies that change the world, it’s the 
people who use them.” This was David Gugerli’s un- 
equivocal response when Globe asked the Professor 
for History of Technology at ETH Zurich which 
twentieth-century technologies have most changed 
the world. “Technology doesn’t emerge from the lab as 
a finished product,” Gugerli says, “it’s just a starting 
point, something that keeps evolving and needs to be 
reinterpreted and recycled again and again.” He cites 
the example of the combustion engine, which came 
into use in automobiles at the end of the nineteenth 
century: “That raised entirely new questions, such as 
whether the gentlemen riders of old could ever turn into 
urbane, technophile, bourgeois motorists. Was the 
horseless carriage a mere plaything and status symbol? 
Or was it destined primarily for labour-intensive 
transport between warehouse and factory?” Today’s 
roads are full of articulated lorries, compact cars, 
SUVs and delivery vans. “And those vehicles could 
soon become auto-motive in the most radical sense, 
with nobody at the wheel. But then again, this might 

never happen,” adds Gugerli, who as a historian of 
technology knows just how much – or how little – 
we can rely on predictions of the future.

Over the next few pages, Gugerli presents his 
take on a series of images showing key technologies 
of the twentieth century in mobility, telecommuni-
cations, energy and health. The incisive interpret- 
ations he offers underline just how fundamentally 
these technologies have transformed our world. 

Even today, researchers at ETH are working on 
technologies that we will use to fundamentally 
change our lives. The following articles address 
some of this research, and the impact that techno-
logical evolution is having on teaching methods.

Photo: Nasa
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BROADCASTING brings the world into our living room. We 
can be there when the President speaks – and the President 
can be in the home when the family gets together. 

CARS change the patterns of human settlement. Suburbs 
arise that are reachable only by car, and shopping centres 
with vast swathes of parking.

Photo: Gallery Stock Photo: SuperStock / Interfoto 
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Photo: Pascal Mora / Keystone

From sheer terror to technology euphoria to a political 
issue of heated debate: society’s understanding of  
NUCLEAR POWER is continually changing.
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with a plane, or confiscated when un-
loading a plane. And, given a radical 
enough rearrangement of seating and 
rejigging of destinations, the aeroplane 
can even be employed as an instrument 
of global mass tourism.

A look at infrastructure is also very 
instructive in this case: any technology 
to be implemented has to be compat- 
ible with the existing infrastructure. 
Care must be taken to ensure that sup-
ply and distribution are smooth and 
that logistics on the ground is reliable. 
Imagine aviation without runways, re-
fuelling tankers, radar, multi-storey 
car parks, baggage handling or trans-
port to and from airports – everything 
would grind to a halt. Technologies 
thus call for further technologies.”

6  The Pill 
“Whereas antibiotics dramatically in-
creased life expectancy, the contracep-
tive pill enabled women and men to 
change the way they live their lives. 
This new ability to control female hor-
mone levels resulted in new societal 
norms regarding reproductive and sex-
ual behaviour. When fate is ousted by 
risk and opportunity, then a space for 
decision-making is established, expec-
tations can be affirmed, and routines 
revised. Biopolitics becomes a ques-
tion of medicalisation and hence a 
problem of distribution and supply. 
Regular ingestion of hormones serves 
as an instrument of demographic con-
trol in China’s one-child policy; by the 
same token, it puts the onus on women 
to comply with reproductive plans – 

1  Rockets 
“What can you use a rocket for? Well, 
you could use one to fly to the moon – 
or at least to see what astronauts see on 
their way to the moon aboard a  
Saturn V: an earthrise over the moon’s 
horizon, for instance. But the best view 
will always be to look at our Blue planet 
against the blackness of space and  
see it as a symbol of our natural global 
unity.

Nowadays, rockets are used pri-
marily to carry satellites to wherever 
they can be useful. We have an infra-
structure of telecommunications net-
works, essential for waging a war or 
watching the telly, and useful for fore-
casting the future: What’s the weather 
going to be like? What’s going on with 
the climate? What’s our enemy hiding 
from us? Where does this road go? Are 
we nearly there yet?

Rockets hardly ever feature in dip-
lomatic exchanges anymore, but North 

Korea still likes launching them. That’s 
because ever since the state of shock 
created by the launch of Sputnik, it’s a 
safe bet that rocket launches will be 
clearly understood as a demonstration 
of power.”

2  The car 
 
“The history of mass-produced auto-
mobiles is bound up with a whole host 
of changes. Cars affect both our indi-
vidual experience of travel and our col-
lective expectations of the perfect trip: 
any time we like, we can load the whole 
family into the camper van, pack what-
ever we need, strap a rubber dinghy to 
the roof and drive ourselves down to 
the Riviera. Alongside that, you have 
the affluent and their expectations of 
comfort, and the boy racers with their 
need for speed, racing Opel Mantas at 
night through the streets of towns and 
villages, their aerials adorned with a 
foxtail.

It’s remarkable that the combus-
tion engine could achieve such domi-
nance and retain it, too, for so long. In 
its early days, this was by no means a 
given. It could just as well have been 
electric cars that came to reign su-
preme; for a long time, various options 
were being developed in parallel. The 
success of combustion engines is linked 
to certain ideas of how to use them, 
while the technology itself has affected 
both energy policy and infrastructure: 
we have to build motorways, refineries 
and petrol stations and even fight wars 
to secure our supply.

At the same time, the car also 
quietly changes the patterns of human 
settlement. Suburbs and agglomera-
tions arise that are accessible only by 
car, and shopping centres spring up 
out of town, turning green fields into 
vast swathes of parking.”

3   Broadcasting 
“Television and radio broadcasting 
have dramatically increased the avail-
ability of information, with a wide 

range of knock-on effects. One vivid 
example is how the Nazi regime used 
their radio programmes for totalitari-
an coordination and indoctrination – 
“Gleichschaltung”- of its audience, the 
German people. But radio and televi-
sion also serve as mass-media tools of 
the culture industry. Adorno blamed 
the broadcasting industry for stupefy-
ing the masses and spreading falsities 
that bore no relation to real life. It 
could be argued, though, that soap 
operas interspersed with ad breaks ac-
tually helped ordinary people cope 
with their small-town and suburban 
reality. After all, their existence mir-
rored what they saw on the screen; it 
was the fact that TV showed them 
nothing different that made their lives 
bearable.

What was especially fascinating 
about television was the prospect of 
seeing the world from your own living 
room – the TV screen became a win-
dow to the world. Many are familiar 
with images of well-groomed Ameri-
can families, sitting on the sofa in front 
of the TV, watching as the President of 
the United States addressed the na-
tion. Everything appears true to life – 
even the size of the President’s head. 
Everyone is there when the President 
speaks, and the President is in the 
home when the family gets together.”

4  Nuclear power 
“What fascinates me about nuclear 
power is the way its star is continually 
rising and falling. At the beginning,  
Hiroshima and Nagasaki were synonym- 
ous with sheer terror. This subsided in 
the 1950s, when Eisenhower’s  ‘Atoms 
for Peace’ speech kicked off a long 
 process of domestication that saw 
 atom-bomb technology move into 
tightly controlled nuclear reactors. 
This added a civilian dimension to the 
precarious military balance of terror. 
As a result, there was an eruption of 
nuclear-physics euphoria: if only re- 
actors could be made a little smaller 
and more convenient, they might be 
used to power cars, blast tunnels, and 

drive hydroelectric projects. Physicists 
countered by saying it wasn’t that easy.

 Next came a phase where the chal-
lenge was to build huge reactors that 
could deliver energy in a controlled 
way without exploding. This was not 
just the highest of high-tech, it also had 
the potential to serve political ends. 
Any government that wanted to be  
taken seriously had to get involved, 
signing non-proliferation treaties, 
building up evaluation competencies, 
issuing safety regulations, and policing 
them. Then, in the early 1970s, this 
general faith in the feasibility of nucle-
ar technology gave way to a fundamen-
tal critique of the technocratic under-
pinnings for such cutting-edge tech-
nologies. Nuclear power and the 
nuclear state became political issues of 
heated debate.

In the 1980s, things calmed down 
again. Sociologists coined the term 
‘risk society’ – everything comes at a 
price, and risk, like prosperity, must be 
shared. Then came 1986 and the ca-
tastrophe in Chernobyl: the risk soci- 
ety became all too tangible. And with 
nuclear power proving much more ex-
pensive than originally assumed, it 
seemed its time was up. But then the 
debate on global warming soon put the 
fear of a nuclear winter into perspec-
tive. By the mid-1990s, nuclear power 
was back on the agenda, and new pro-
jects were announced around the 
world. Until 2011, when Fukushima 
once again threw everything into ques-
tion.”

5  The aeroplane 
“Thanks mainly to its speed and its 
seeming detachedness from land and 
water, the aeroplane heralds a new 
kind of mobility. And it breaks down 
the protective barriers of economic, 
military-political and cultural dis-
tance. Air travel means that business-
people, diplomats, world leaders and 
weapons can achieve a global presence. 
Perishable goods, racehorses, luxury 
cars, cocaine – anything of high value 
is either transported by plane, hijacked 

David Gugerli is Professor for History of Technology 
at ETH Zurich. In his research projects he studies the 
emergence of digital societies and the question of how 
we have put the world into the computers.

Chair of History of Technology → www.tg.ethz.ch

which, in the West, generally means a 
family of four. As to the opportunities 
for emancipation, the price for these 
is a new culture of deliberate planning 
and management of intimacy. This 
ambivalence is well expressed in the 
visual imagery used in the 1960s, 
which oscillates between semi- 
discreet photos of naked couples, safe 
in the knowledge that they are pro-
tected against unwanted pregnancies, 
and full-frontal shots of blister packs 
held up uncompromisingly to the 
bathroom mirror, containing the  
hormonal treatment programme for 
millions of women.”

You can read here what David 
Gugerli associates with the key 

technologies shown.

Photo: Giulia Marthaler
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AEROPLANES show us that any technology to be 
implemented has to be compatible with the existing 
infrastructure. 

The ability to control female hormone levels with  
THE PILL resulted in new societal norms regarding  
reproductive and sexual behaviour.

Photo: Stephan Zirwes Photo: Karen Rosetzsky
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When machines 
learn

A Google search for Roger Federer,  
the Swiss tennis star, yields some 
28,900,000 hits. International football 
star Lionel Messi even has as many as 
61,300,000 entries. But there’s one 
name that beats both of them hands 
down: searching for AlphaGo, the 
computer that defeated a master play-
er of the strategy game Go in March of 
this year, returns no fewer than 
313,000,000 hits. AlphaGo dominated 
the headlines this spring: machine tri-
umphs over man. For some, AlphaGo’s 
victory was the ultimate horror scen- 
ario, while others saw it as the break-
through of artificial intelligence. 

The master players
Joachim Buhmann, Professor for Com-
puter Science and Head of the Institute 
for Machine Learning at ETH Zurich, 
offers a more sober assessment of the 
situation: “The Go player’s algorithm 
has, of course, set a milestone in ma-
chine learning, but it’s a milestone in a 

very limited, artificial field,” he says. 
Since the early days of computer sci-
ence as a scientific discipline, one of the 
challenges against which it has been 
relatively easy to measure progress has 
been strategy games. It started with 
simple games such as Nine Men’s Mor-
ris and Draughts. In 1997, IBM’s com-
puter Deep Blue beat the reigning 
chess world champion Garry Kasparov. 
Soon thereafter, programmers set 
their sights on the considerably more 
complex game Go as the next potential 
milestone. 

What is interesting, however, is 
not the fact that AlphaGo has now 
claimed victory, but rather how it did 
so: unlike Deep Blue, it didn’t rely on 
sheer computing speed, but rather on 

Big data, artificial 
intelligence, industry 4.0 
– the new opportunities 
information technologies 
offer will change the world. 
Take a glimpse inside the 
world of researchers who 
teach machines how to 
think. 
Text  Martina Märki

enormous computing power “com-
bined with a kind of clever learning,” 
explains Buhmann. But he qualifies 
this by adding: “Successfully solving 
such game problems isn’t the major 
breakthrough, because real intelli-
gence is characterised by making a de-
cision in the face of great uncertainty. 
And the game setting drastically re-
duces uncertainty.” His research col-
league holds a similar view: Thomas 
Hofmann is Co-Director of the new 
Center for Learning Systems, a joint 
endeavour between ETH and the Max 
Planck Society. In his words, “We want 
to build machines that succeed in the 
real world. Self-driving cars, for in-
stance, are confronted with far more 
complex and consequential decisions.” 

had to tell the computer in 
detail which features it 
should use to categorise an 
image as a face, for ex- 
ample. “This meant that 
we had to rely on the 
knowledge of experts, and 
also that we had to describe 
vast amounts of rules in 
code,” he recalls. Today, it 
is sufficient to write a meta- 
programme that merely 
defines the basic principles 
of learning. The computer 
then learns by itself to tell, 
based on numerous sample 

images, which features depict a face. 
Thanks to Facebook, Instagram, etc., 
there is no shortage of learning mater-
ial: “Today we can easily use millions of 
pictures or more as practice material,” 
says Buhmann. 

Computers as doctors
He specialises in image recognition in 
the medical field. As he explains, this 
field is precisely where the advantage 
of machine learning is clearly evident: 
“We used to try to ask doctors about 
their specialist knowledge and then 
implement it in detailed rules,” he 
 recalls, “but that endeavour ended in  
a terrific failure, because even good 
 doctors often cannot provide clear ex-
planations for their actions.” Today, 
 computer programmes independently 
trawl through large volumes of image 
data for statistically relevant patterns. 
One specific area in which Buhmann 
and his colleagues use this type of 
method is cancer research, but the ap-
proach is also useful in studying neuro-
logical diseases such as schizophrenia, 
or neurodegenerative diseases such as 
dementia or Parkinson’s disease (see 
box on page 26). 

They have, for instance, developed 
a programme that helps pathologists to 
more accurately assess the likely devel-

Training in the sea of data
Nevertheless, the approach taken by 
the creators of AlphaGo to lead their 
computer to the championship is typi-
cal for many other areas of machine 
learning, as well. AlphaGo’s designers 
first fed the machine with 150,000 
matches that had been battled out by 
good players, and used an artificial 
neural network to identify typical pat-
terns in these matches. In particular, 
the computer learned to predict which 
move a human player would make in a 
given position. The designers then op-
timised the neural network by repeat-
edly having it play against previous 
versions of its own games. In this way, 
through small but constant adjust-
ments, the network gradually im-
proved its chances of winning. “There 
are two ingredients that enable this 
type of learning,” explains Hofmann. 
“You need a lot of data as learning ma-
terial,” he says, “and sufficient comput-
ing speed.” Both are available today in 
many areas. 

This dramatically changed the ap-
proach of developers in the field of arti- 
ficial intelligence. Buhmann explains 
this based on the example of image rec-
ognition: previously, image experts 

opment of a certain form of kidney can-
cer. The process involves obtaining 
patient biopsies and preparing hist- 
ological sections, using certain dyes to 
make relevant features visible. The 
sections are digitised and analysed us-
ing machine image analysis methods in 
order, for example, to count the cancer 
cells that are in the process of dividing 
and that were made visible by the stain-
ing. The computer then combines such 
counts with additional data to develop 
prognoses for specific patient groups. 
In another project, computers were 
used to analyse magnetic resonance 
images of the brains of schizophrenia 
patients. The image analysis yielded 
three groups of patients with signifi-
cantly different activity patterns in the 
brain. “We learned that there are dif-
ferent kinds of schizophrenia,” ex-
plains Buhmann, adding: “Now it’s up 
to pharmacists and doctors to find the 
right treatment for each patient type.” 
It is quite possible that automated 
analyses of brain images will help with 
this, too. 

Language and meaning
Image recognition is to Buhmann what 
language is to his research colleague 
Hofmann. “Speech recognition as a 
branch of artificial intelligence is in 
particular demand when it comes to 
human-machine interaction,” explains 
Hofmann. He hopes that he will one 
day no longer have to tediously enter 
his desired destination via a keyboard 
to let a self-driving car know where he 
wants to go, but can instead sponta-
neously give it oral instructions. Hof-
mann is convinced that it won’t be long 
now until this happens: “Today, we can 
approach the problem of getting ma-
chines to understand text in a com-
pletely different way from how we 
could before.” 

Here, too, big data supplies the 
material the machines use to prac-
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M A C H I N E  L E A R N I N G  A N D  N E U R O I M A G I N G

Machine image recognition and image analysis help in diagnosing neural dis-
eases: Diffusion tensor imaging (below left) provides information on the ana- 
tomical wiring of neurons in the brain. Special methods use the measurement 
data from diffusion tensor imaging to reconstruct the course of large neural 
pathways. Computer analysis of the neural circuitry helps to identify groups of 
neurons on the surface of the brain that display similar communication pat-
terns. The image on the right depicts the subdivisions of the language centre 
and the motor cortex in the brain in the best possible resolution given the data 
fluctuations. Changes in the subdivisions can be an indicator of such diseases 
as Parkinson’s. 

tise understanding texts. The web is a 
vast treasure trove of language, a gi-
gantic training ground that helps ma-
chines filter out statistical regularities 
that show them relationships between 
words. “And it does a much better job 
of it than we could ever have done with 
abstract linguistic or phonetic rules,” 
says Hofmann. This kind of method 
can also be used to optimise translation 
programmes or search engines. Hof-
mann and his team are developing a 
programme that uses all Wikipedia en-
tries (there are more than 5 million 
English-language articles) as a basis for 
learning to link texts and words in a 
way that makes sense. The links and 
cross references to other articles, 
which Wikipedia authors currently 
still create manually, will in future be 
added by a computer – faster and more 
comprehensively than any author 
would be able to manage. “It starts 
with the fundamental meanings of 
words. But then our goal is to get our 
programmes to understand the mean-
ing of complete sentences and, ultim- 

ately, entire discourses,” says Hof-
mann. 

On an equal footing with machines 
Pie in the sky? Only partly. Translation 
programmes have already made tre-
mendous progress in recent years. 
Search engines are constantly improv-
ing and computer programmes are 
now authoring sport updates. Hof-
mann himself was involved in founding 
a company called Recommind in the 
US. Their programmes analyse and 
sort texts with a view to their legally 
relevant content. “We automate docu-
ment review, which used to take law-
yers endless hours,” he explains. Today 
this company employs 300 staff world-
wide and is the market leader in its 
field. 

Recommind is just one example of 
how new technologies will change even 
jobs in highly qualified professions. 
Hofmann is convinced that there are 
only a few occupations that will not feel 
the impact of this technological change. 
“To date, machines have taken over re-

petitive, mechanical jobs. In future, 
they will also take intelligent deci-
sions,” he says. Buhmann, too, is confi-
dent, claiming that “the new intelli-
gent technologies will in future supple-
ment or even replace activities 
performed by well-trained specialists.” 
For instance, the new possibilities in 
image analysis will no doubt massively 
change the work of pathologists. As 
Buhmann points out: “We will need far 
fewer pathologists in future – but that 
means doctors could spend more time 
on psychological care for the sick.” His 
colleague Hofmann adds: “In terms of 
technology, everything is possible. It’s 
a question of society’s willingness to 
find creative solutions for dealing with 
this technological change.”  

Institute for Machine Learning:
→ www.ml.inf.ethz.ch

Max Planck ETH Center for Learning
Systems:
→ http://learning-systems.org

When Renato Renner talks to lay- 
people about his work, they quickly 
feel that they have been plunged into a 
highly abstract world. As a professor of 
quantum information theory, Renner 
conducts research in many fields, in-
cluding the foundations of quantum 
cryptography. The hope is that this 
area will open up possibilities for data 
transmission processes that offer more 
security. In contrast to today’s encryp-
tion processes, which are based on the 
laws of classical physics, quantum 
cryptography is based on the laws of 
quantum mechanics. The basic con-
cept underlying it is that sender and 
receiver exchange individual entan-
gled photons or specially prepared 
light particles. What makes this ex-
change secure is the fact that, thanks to 
quantum-mechanical entanglement, 
both sender and receiver will notice 
immediately if an unauthorized third 
party “eavesdrops” on the data.

Although this exchange of photons 
sounds terribly futuristic, there are al-
ready commercial devices on the mar-
ket that can quantum encrypt informa-
tion. However, the process still has one 
major drawback: since only individual 
photons are exchanged, the physical 
distance is limited to a maximum of 
100 kilometres. Large data networks 
would therefore require relay stations 
that can boost the signal en route. 

A new idea 
bears late fruit
Physicist Renato Renner wants to demonstrate the conditions 
that must be met for quantum cryptography to be secure. 
The fundamentals that he must first define open up a door to  
a whole new world.
Text  Felix Würsten

ETH’s special situation 
These relay stations are called “quan-
tum repeaters”, and are currently the 
subject of intense research. “The chal-
lenge is not only to transmit quantum 
information, but also to store it for a 
brief period of time,” Renner explains. 
At the moment, there are various com-
peting approaches to exactly how to  
do this. The reason research in this area 
is so intensive is that, one day, these 
approaches will also be used for build-
ing what are known as quantum com-
puters. Meanwhile, ETH Zurich is  
in a unique position: “Research in our 
department covers all the relevant  
approaches,” Renner says. 

Renner himself doesn’t research 
any one individual technology, but in-
stead is more concerned with the theo-
retical foundations. For him, the cru-
cial question is how to use maths and 
physics to prove that quantum cryp-
tography is truly secure. Answering 
this question calls for a new kind of 
thinking. You have to show not only 
that quantum mechanics correctly ex-
plains the exchange of photons, but 
also that this theory is complete; in 
other words, that it can sufficiently 
 explain all conceivable results. 

In an ideal world, the photons will 
be so entangled that an attacker from 
the outside has no chance of eaves-
dropping on the information un- 

I N F O R M A T I O N  A N D 
Q U A N T U M  P H Y S I C S

The Group for Quantum Infor-
mation Theory at ETH Zurich is 
concerned with the issue of how 
the processing and transmis-
sion of information relates to 
the laws of physics. One of the 
group’s research goals is to in-
vestigate what options quantum 
physics opens up for informa-
tion processing and how these 
opportunities are specifically 
to be used. Another goal is to 
achieve a deeper understanding 
of the physical relationships by 
studying quantum-mechanical 
phenomena from the perspec-
tive of information processing.  

Photo: Marc Tittgemeyer, Max Planck Institute  
for Metabolism Research; Nico Gorbach, ETH Zurich
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noticed. In the real world, 
how- ever, the devices do 
not function perfectly. For 
example, it may be that the 
sender sends off not a se-
ries of  single photons but 

batches of them instead. It would then 
be theoretically possible for an attack-
er to intercept individual photons 
without being noticed, thus accessing 
the information. With the help of com-
plex statistical calculations, Renner 
hopes to show the requirements that 
must be met in order for data to be 
transmitted securely, even with imper-
fect devices. 

On the threshold of a new world 
At any rate, for Renner, quantum cryp-
tography is “just” a means to an end. 

“What I’m aiming for is a fundamental 
understanding of the physics. We are 
working to open up the doors to a 
whole new world – one that we barely 
know. Opening these doors will ex-
pand our awareness of how the world 
works.” 

Renner sees quantum physics as a 
prime example of how investment in 
basic research pays off. The founda-
tions of quantum mechanics were de-
veloped about a century ago, and for a 
long time the theory remained a largely 
abstract proposition for describing 
 microcosmic phenomena. It was not 
until technological advances in several 
areas made it possible to investigate 
and manipulate materials down to the 
atomic level that people began to 
 imagine concrete applications for it. 

Renner is confident that “once we 
 understand the basic principles, the 
applications will arise of their own 
 accord. Quantum cryptography wasn’t 
there at the beginning; rather, it was 
our understanding of quantum physics 
that later inspired the idea of using 
quantum mechanics to encrypt data.” 
And there is no end in sight: high- 
precision measuring devices and pow-
erful quantum computers that can 
solve certain tasks much more effi-
ciently than today’s computers are just 
two examples of how quantum me-
chanics might change our everyday 
lives. “Back when the first vacuum 
tubes were developed, no one could 
possibly have imagined how we would 
be communicating today with mobile 
phones,” he says, “and we’re currently 
in a comparable situation in quantum 
sciences.”

It is also clear to Renner that, ulti-
mately, it will not be technology that 
determines which of the applications 
will actually be realized. “Setting up a 
quantum cryptographic data network 
requires major investment,” he says, 
“but the decision on whether or not  
to make this investment in order to en-
able secure data transmission lies not 
with physicists, but society.” 

Group for Quantum Information Theory:
→ www.qit.ethz.ch
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How quantum
mechanics is
changing our

world
Compiled by Felix Würsten 

Chemistry
Using quantum mechanics  

as a basis, it’s possible to predict 
precisely how atoms and mole-
cules will behave. This makes it 

an important foundation for 
computer models that simulate 

chemical reactions. 

Electronics
Electronic components are 

 becoming ever smaller, but this 
miniaturisation will soon  

reach its limits. When transistors 
are only a few atomic layers 

thick, they no longer function 
 according to the laws of classical 
physics – they follow the rules  

of quantum mechanics. 

Cryptography
A concrete technological 
 application of quantum 

 mechanics that is on the horizon 
is data encryption (see main 

 article). Quantum cryptography 
enables data to be transmitted  
in such a way that no adversary 

can possibly intercept the 
 information, regardless of how 

powerful their computing 
 resources may be. 

The basic principles of quantum mechanics were 
developed between 1925 and 1936, as classical 
physics was unable to correctly describe the behav-
iour of atoms and molecules. Quantum mechanics 
uses terms and concepts that fundamentally 
 contradict classical physics, and that are therefore 
difficult for the layperson to grasp. Nevertheless, 
quantum mechanics now impacts many areas of 
our everyday lives in very tangible ways. 

Materials research
Today, we can analyse and 

 modify materials right down to 
the atomic level – thanks, in 

part, to the scanning tunnelling 
microscope developed at IBM’s 

research laboratory in 
Rüschlikon, near Zurich, in the 
early 1980s. The microscope is 

based on an important quantum 
mechanical phenomenon known 

as the tunnel effect. 

Computer science
It’s the great dream of many 

physicists: to build a computer 
that works according to the  

laws of quantum mechanics. Such 
a computer could be used to  

solve certain computer science 
 problems more efficiently than is 

currently possible, such as 
 searching extremely large data-

bases and factorising excep-
tionally long numbers. 

Metrology
Atomic clocks are exceedingly 

precise chronometers –  
but physicists are already think-

ing beyond this: they aim to 
 develop nuclear clocks that  

are even more precise. These, 
too, are based on quantum 

 mechanical phenomena, and 
would make the GPS we use for 

positioning in our day-to-day 
lives much more accurate. 
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The path towards
personalised therapies

2015 was the year of “per-
sonalised medicine”. Long 
heralded by basic research-
ers, the patient-tailored 
medical model finally crossed 
the gap to a wider audience. 
US President Barack Obama 
announced the Precision 
Medicine Initiative in early 
2015, bolstered by a White 
House budget of 215 million 
dollars. Not long after, ru-
mours began to fly that China 
was channelling even more 
money – up to 9 billion dol-
lars – into developing a simi-
lar programme. Around the 

same time, Science magazine named 
the CRISPR/Cas system as its “Break-
through of the Year 2015”. CRISPR/
Cas is one of the key technologies of 
personalised medicine because it al-
lows scientists to cut and manipulate 
DNA with great precision. Last but 
not least, 2015 saw a total of 13 per-
sonalised therapies approved by the 
US regulatory agency FDA – four 
more than in the previous year. 

Therapies tailored  
to individual genotypes
Many countries, including Switzer-
land (see box), are currently striving to 
link up hospitals and technical univer-
sities as part of a broader effort to de-
velop personalised therapies. This ap-
proach holds tremendous potential: 
the aim is ultimately to greatly increase 
the chances of a successful cure by 
tailoring therapy to each individual’s 
molecular profile. The fact is that each 
and every one of us is unique, not only 
in terms of our character, but also in 
terms of our complete heritable genet-
ic identity, referred to by experts as the 
genotype. In combination with envir- 
onmental factors, our genotype deter-
mines how susceptible we are to dis-
eases, how we react to them, and how 
our body responds to specific types of 

treatment. That’s why one of the key 
prerequisites was to complete the first 
sequencing of the human genome, 
consisting of three billion DNA base 
pairs – a task that took hundreds of 
scientists 11 years and three billion 
dollars to complete, the breakthrough 
finally coming in 2001. Today, human 
genome sequencing is a readily avail-

able process that can be completed in 
just a few days for less than 1,000 euros. 
This has equipped medical experts and 
biologists with a powerful tool. 

Access to the right tools 
“There’s still plenty of exciting things 
ahead,” says Wilhelm Krek, with the 
enthusiasm of a scientist working at 
the heart of a field of research whose 
time has most certainly come. As a 
Professor at the Institute of Molecular 

The world of medicine is undergoing a seismic shift – and so 
is clinical practice: medical professionals and biologists will 
increasingly be joining forces with engineers and computer 
scientists. 
Text  Samuel Schlaefli

Health Sciences, Krek’s research work 
focuses heavily on the molecular 
 characteristics of tumours and on new 
treatment options. He is firmly 
convinced that all hospitals and doc-
tors will be obliged to embrace person-
alised medicine over the long term. 
Krek predicts that in a few years time 
we will have sequenced more than a 
million human genomes. This will gen-
erate an enormous amount of data that 
will give researchers and medical pro-
fessionals unprecedented insights into 
the human body. However, Krek is 
also quick to deflect unrealistic expec-
tations, emphasising that scientists 
have now realised that no disease can 
be explained by simply cataloguing 
genomic sequences and other biomol-
ecules such as RNA, proteins and li-
pids. The only way to do it is by analys-
ing the functions of biomolecules in 
the relevant context – and this is one 
of the keys to developing personalised 
therapies. 

Pioneering role of cancer therapy
Nowhere is personalised medicine 
more advanced than in the field of can-
cer treatment. All over the world, 
 scientists are sequencing tumours and 
comparing their DNA to that of 

Therapy should  
be tailored to  
each individual’s 
molecular profile.

S W I S S  P E R S O N A L I Z E D  H E A L T H  N E T W O R K 

The Swiss are aiming to make personalised medicine a national priority. 
The idea behind the “Swiss Personalized Health Network” is to establish an 
infrastructure for personalised medicine and create stronger ties between 
hospitals and universities. This initiative is currently undergoing a political 
consultation and approval process as part of the 2017–2020 ERI Dispatch.  
But the creation of networks has already begun: ETH Zurich is working with 
the university hospitals and universities in Zurich and Basel and with a  
number of other institutions to build up a Personalized Health Alliance, with 
the “Competence Center for Personalized Medicine”, which was founded in 
2014, playing a pivotal role. In the west of Switzerland, three institutions – 
Lausanne University Hospital (CHUV), Geneva University Hospitals (HUG) and 
EPFL – have joined forces to form the “Lac Léman Center for Personalized 
Health”. 
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 NEXUS. In future, scientists hope to 
test promising drugs on organoids 
grown from a patient’s cells, represent-
ing a kind of in vitro test of the patient’s 
own organ. “In a sense the organoids 
allow us to bring the patient to ETH,” 
says Schwank. Using the screening ro-
bot they can then treat the organoids 
with thousands of drugs within a very 
short space of time. Organoids also of-
fer a good way of determining which of 
the wide range of drugs that have al-
ready been approved will be the most 
effective for a particular patient. In the 
case of cystic fibrosis, a genetic meta-
bolic disorder that, on average, re- 
 duces people’s life expectancy to under 
40, doctors are already using these 
kinds of organoid screening processes 
to choose the best form of treatment in 
each case. Unfortunately it is far more 
difficult to apply this to cancer, because 
doctors and patients often have just a 
few days to decide on a course of treat-
ment. 

Bioinformatics scientists  
on the Tumour Board
NEXUS is the result of ETH’s deter-
mination to group all the relevant 
technologies for personalised medi-
cine within a single professional entity. 
As well as the fully automated screen-
ing robot, it also includes tools for ana-
lysing molecular circuits, the organoid 
biobank and a clinical bioinformatics 
unit. This last component is essential 
because personalised medicine falls 
squarely within the realm of big data. 
Mass genomic sequencing creates 
enormous quantities of data, and al-
though computing power and storage 
capacity are no longer limiting factors 
when it comes to personalised medi-
cine, there are still plenty of hurdles to 
overcome, as Niko Beerenwinkel, Pro-
fessor of Bioinformatics at the Depart-
ment of Biosystems Science and Engi-
neering, explains: “The really hard 

healthy cells. They hope this will re-
veal which mutations cause specific 
types of cancer. An amalgamation of 
more than 80 research institutes, 
known as the International Cancer Ge-
nome Consortium, is currently en-
gaged in sequencing thousands of can-
cer tumours in order to build up a cat-
alogue of genetic abnormalities for the 
50 most prevalent types of cancer. 
This makes Krek optimistic that new 
personalised therapies will become 
commercially available over the next 
few years. There have already been a 
number of success stories. For exam-
ple, scientists now know that 60 per-
cent of malignant melanomas contain 
the mutation of a specific enzyme. A 
“personalised” drug that only targets 
the mutated enzyme has already been 
created for this subgroup of patients. 
Doctors can use a biopsy to determine 
whether a patient belongs to this sub-
group and then tailor the treatment 
accordingly. “That’s already working 
extremely well in clinical settings,” 
Krek notes. 

Identifying drugs with robots
At ETH Zurich a number of different 
groups are working in the field of per-
sonalised medicine. They have access 
to the perfect infrastructure for their 
work in the form of the ETH Technol-
ogy Platform NEXUS Personalized 
Health Technologies, which was 
founded in 2015 on ETH Zurich’s 
Hönggerberg campus. One of the plat-
form’s nine members of staff, engineer 
Miquel Busquets, introduces us to one 
of their latest acquisitions, a fully auto-
mated screening robot. Constructed of 
several parts and encased in a walk-in 
plexiglass cabin, it fills almost the en-
tire laboratory. A robotic arm on a rail 
travels back and forth between pipet-
ting, incubation and analytical devic-
es, moving plastic trays from one place 
to another. 

part now is integrating the different 
datasets – DNA sequencing data, pa-
tient data and empirical medical data 
– and developing algorithms to ana-
lyse them.” That’s the only way to 
translate the vast quantities of data 
into molecular markers that will allow 
predictions to be made on which thera-
pies will be most effective. 

The increasingly close collabora-
tion between medical professionals 
and bioinformatics scientists is illus-
trated by a project Beerenwinkel is 
currently involved in at Zurich Univer-
sity Hospital. Several years ago the 
hospital set up a “Tumour Board”, es-
sentially a committee of experts from 

the realms of oncology, surgery and 
radiology who meet on a regular basis 
to discuss the best therapy options for 
the most complex cases of cancer. A 
few months ago a bioinformatics scien-
tist from NEXUS joined the board. 
Her job is to make suggestions on 
promising therapies based on DNA 
analyses of the tumour. “The impor-
tant thing is to present our findings 
from the lab in a condensed and easily 
digestible format. That’s the only way 
to give the doctors something they can 
really work with,” says Beerenwinkel. 
To achieve this, he has developed a 
software package that massively re-
duces the complexity of the data. The 
Tumour Board is a good example of 

Cancer cells taken from pa-
tient biopsies in the hospital 
are initially cultivated in vitro 
in the cabin. They are then 
treated with potential drugs 
created from a library of 
15,000 chemicals. Finally a 
spectroscope is used to deter-
mine the effect on the tumour 
cells and the data is evaluated 
using sophisticated algo-
rithms. All this is carried out fully au-
tomatically, and all the plastic trays, 
each of which contains 96 or 384 sam-
ples, are provided with a barcode to 
ensure that every sample can be clearly 
identified. The robot can portion out 
some 12,000 chemicals to tumour cells 
in a period of just eight hours. The goal 
is to identify chemical lead compounds, 
which are the basis of novel drugs and 
personalised therapies. 

How can sensitive 
personal data  
be protected in the 
era of data leaks,  
hackers and the 
NSA? 

how personalised medicine is changing 
everyday clinical practice – and how 
doctors, biologists, engineers and com-
puter scientists will be working togeth-
er in future. 

Time to debate  
the ethical dimensions
Beerenwinkel and Krek firmly believe 
that genome sequencing will form part 
of the standard array of tests in future. 
“Cancer, cardiovascular disorders and 
infectious diseases all have at least 
some genetic component,” says 
 Beerenwinkel, “and people will do 
anything to minimise the effects of 
those kind of illnesses.” Clearly, the ac-
cumulation and analysis of patient 
data also entails a certain degree of 
risk, especially when it comes to the 
question of who should have access to 
the data and how such sensitive per-
sonal data can be properly protected in 
an era of data leaks, hackers and the 
NSA. Beerenwinkel is confident that 
technical solutions can be found to ad-
dress data protection issues similar to 
those already used in online banking. 
Patients could also have the option in 
future of actively releasing their gen- 
ome data for perusal by a specific doc-
tor. Perhaps of greater concern to 
Beerenwinkel are the arguably more 
far-reaching implications of new tech-
nological methods for selectively 
 manipulating DNA. “CRISPR/Cas 
has made it extremely easy,” he says: 
“All you need is a lab in your garage 
and some instructions from the inter-
net.” He notes that there are still large 
gaps in scientists’ knowledge of how to 
match up specific  manipulations of the 
genome with specific effects on a 
 patient’s body – but he insists that a 
discussion of the ethical dimensions is 
now most definitely due. 

NEXUS Personalized Health Technologies:
→ www.nexus.ethz.ch

Scientists are currently striving to 
make the screening process even more 
personalised by creating a biobank of 
miniature organs known as the Swiss 
Organoid Biobank. Organoids are tiny 
structures just a few millimetres in size 
that are similar to organs. They are 
grown in vitro from adult stem cells, 
for example cells from the gastrointes-
tinal tract. “They represent a new 
group of integrated biological models 
that come as close to the reality of hu-
man beings as we can get,” says Gerald 
Schwank, a Professor at the Institute of 
Molecular Health Sciences and one of 
the people responsible for establishing 
the Swiss Organoid Biobank at 
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More
communication

The discussions and speculation sur-
rounding massive open online courses 
(MOOCs) might give the impression 
that the world of teaching is in the 
midst of a revolution – one that is turn-
ing universities upside down, perhaps 
even making them superfluous. Some 
argue that we can gather knowledge 
from the internet whenever we need it 
– education on demand, as it were. The 
change isn’t really that dramatic, but 
thanks to things such as digital tech-
nologies, teaching at ETH has changed 
significantly, too. So would an alumna 
who completed her studies 20 years 
ago be able to find her way in today’s 
teaching environment? 

More interaction
Andreas Vaterlaus, Professor of Phys-
ics, feels that, “generally speaking, an 
alumna would indeed recognise teach-
ing in its current form.” As Vice-Rector 
for Curriculum Development, he 
guides the continued development of 
teaching at ETH. “What has changed is 
how information is maintained and ac-
cessed, and in a certain sense, there’s 
now an opportunity to give and receive 

feedback. Instruction has become 
more interactive,” he says.

When an alumna walks into a lec-
ture theatre today, what she most like-
ly notices first is that there are far more 
students sitting there. The number of 
students at ETH has grown by around 
70 percent over the past two decades. 
And yet there is more interaction? 
“The EduApp has had a major impact 
here,” Vaterlaus explains. Developed 
by ETH, this application lets lecturers 

Teaching at ETH  
has changed 
significantly in recent 
years. This change 
has been driven  
by the professors 
themselves, with 
some support from 
digital technologies. 
Text  Roland Baumann

pose questions that students can an-
swer on their smartphones. The distri-
bution of responses is displayed imme-
diately and forms the basis for sub-
sequent discussion. Students, too, can 
transmit questions that instructors 
then address at the end of the lecture. 
In this way, technical aids are helping 
to make instruction more interactive.

But what is it like outside the lec-
ture theatre? Vaterlaus contends that 
“students have access to much more 

format is known as the “flipped 
 classroom”. At ETH, such online 
courses are called TORQUEs – Tiny, 
Open-with-Restrictions courses fo-
cused on QUality and Effectiveness – 
to distinguish them from the MOOCs 
mentioned above. “These courses help 
lecturers establish a more direct line of 
communication to their students,” ex-
plains Daniel Halter, head of the Edu-
cational Development and Technology 
(LET) unit. Halter and his team help 
ETH professors develop new teaching 
formats. 

Of course there is no reason why 
these videos shouldn’t also be made 
available to the public. Or why publicly 
available MOOCs shouldn’t be used in 
the classroom, which is also common 
practice at ETH. “Digitalisation en-
ables us to combine in-class instruction 
and personalised learning. It allows in-
structors to register individual per-
formance and reward specific learning 
progress even in large classes,” explains 
Halter.

Fostering innovation 
But how often are formats like this 
used? “Maybe in 10 percent of all 
courses,” Vaterlaus estimates, and im-
mediately adds that students wouldn’t 
be able to manage more than that. As 
he explains, “we are already receiving 
feedback indicating that even just the 
material ETH puts online for internal 
use is too much for students to make 
full use of.”

The driving force behind this de-
velopment is the professors them-
selves. They enjoy a great deal of free-
dom in designing their courses, with 
incentives constituting the primary 
means of guiding their choices. The 
Rector has a special fund which fosters 
innovation in teaching. Projects under-
taken by individual professors – such 
as the flipped classroom – and degree 
programme initiatives that rework 

information than before,” and illus-
trates this with an example from intro-
ductory physics classes, where stu-
dents are shown many experiments.  
It can happen that someone misses  
the key step, but as Vaterlaus explains, 
“nowadays ETH provides online 
 videos with an accompanying descrip-
tion for many experiments.” Students 
who miss a class or an experiment can 
watch these videos, or even recordings 
of entire lectures.

New technology,  
new teaching formats
And sometimes they do so even before 
they attend the class: as particularly for 
large lecture courses, some instructors 
today record their teaching material 
on video. Rather than being stuck in 
row 25 of the auditorium as student 
number 465, students can watch the 
video clips at home. In-class time is 
then devoted to discussing and apply-
ing the newly learned material. This 

 entire curricula are equally eligible for 
funding. In addition, prizes such as the 
recently launched KITE Award, which 
recognises innovative teaching con-
cepts (see article in “Connected” on 
page 47), provide incentives to take 
teaching to the next level.

 
Good teaching is the goal
After all, digitalisation and innovation 
are never ends in themselves, but the 
means by which teaching can be im-
proved. This is also evidenced by the 
teaching evaluations that students sub-
mit to the Rector. “Those who use con-
ventional classroom instruction tech-
niques can also receive very positive 
feedback,” says Halter. However, if an 
assessment is poor, the professor needs 
to rethink the course – and this is 
where Halter’s unit can offer assis-
tance. “This feedback mechanism 
helps identify and address weaknesses 
in teaching,” explains Vaterlaus.

And herein lies the greatest 
change. “During my university days, it 
would have been inconceivable for stu-
dents to officially assess faculty mem-
bers,” Halter says. Focusing on stu-
dents changes the teaching relation-
ship. “In the classroom, students are 
becoming learning partners, and pro-
fessors are increasingly becoming 
coaches,” he continues, seeing in this 
an actual paradigm shift. Vaterlaus, on 
the other hand, sees the individual 
steps and speaks of an evolutionary 
process. But the two agree that, on bal-
ance, the value placed on teaching at 
ETH has increased enormously. 

O N L I N E  M O O C  A N D 
T O R Q U E  C O U R S E S

MOOCs are self-contained 
online courses that universities 
offer, largely free of charge, to a 
global audience. They combine 
short assignment videos and 
quizzes with interactive fora 
where instructors and students 
can connect. ETH MOOCs are 
published on the non-profit 
platform edX, which was 
launched by Harvard University 
and MIT in 2012. There are now 
more than 90 institutions offer-
ing courses on edX. ETH’s own 
TORQUEs (Tiny, Open-with-Re-
strictions courses focused on 
QUality and Effectiveness) are 
specifically designed for indi-
vidual courses and are upload-
ed to the open-source learning 
platform Moodle. Most are open 
to all ETH students, and some 
are even available to the entire 
Swiss university network. 
→ www.edx.org/school/ethx
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ERC Grants

FOUR ETH 
RESEARCHERS 
HONOURED

The ERC Advanced Grants are among 
the most coveted awards in the Euro-
pean Research Area. They are awarded 
by the European Research Council 
(ERC) to support projects from estab-
lished top researchers. Successful ap-
plications bring renown as well as sig-
nificant financial support. In April, 
four researchers from ETH Zurich 
were awarded such grants; over the 
next five years they will receive a total 
of 12.7 million Swiss francs. 

Particle physicist Charalampos 
Anastasiou develops computer-assisted 
models for making theoretical predic-
tions for the measurements taken dur-

For the past five years, ETH has recognised innovative ideas with the “Spark Award”.

ing experiments at the LHC particle 
accelerator at CERN. Materials scien-
tist Manfred Fiebig specialises in re-
searching materials – known as multi-
ferroics – that have both a magnetic 
and an electrical internal order para- 
meter. Andreas Hierlemann, Professor 
in Biosystems Engineering, develops 
microelectronic systems that can be 
used to address biomedical questions 
experimentally. And geophysicist 
Johan Robertsson intends to use his 
grant to develop a new approach for 
studying at a laboratory scale how seis-
mic waves propagate.

Seventeen researchers from ETH 
Zurich applied for an ERC Advanced 
Grant, of whom 88 % advanced to the 
second call for proposals; more than 
half of these were rated as “excellent”, 
thus meeting the grant criteria.

Spark Award

NON-INVASIVE 
CANCER SCREENING

In 2015, ETH Zurich researchers pro-
duced 195 inventions, 98 of which 
have been registered for patent ap-
proval. From these innovative ideas, 
they had to select the most economic- 
ally promising one for this year’s 
“Spark Award”, which ETH has pre-
sented for the past five years. The new 
method developed by Orçun Göksel 
and Sergio Sanabria emerged the 
clear winner. The two ETH research-
ers have developed a radiation-free 
and painless ultrasound method that 
could replace standard mammograms 
in future breast cancer screening. 

Venture Kick

PROTECTIVE 
MEMBRANE FOR 
SURGICAL IMPLANTS

It is one of the greatest hurdles in sur-
gical medicine: the body identifies an 
implant such as a pacemaker as for-
eign tissue and, in a defensive reac-
tion, encapsulates it with connective 
tissue. ETH scientists have now 
 developed a membrane that protects 
medical implants from unwanted en-
capsulation. In the ETH spin-off  
Hylomorph, they now want to further 
develop this technology. At the end of 
February, the spin-off reached the  
final stage of the start-up competition 
“Venture Kick”, which means it will be 
supported with 130,000 Swiss francs 
in seed capital. 

Photo: Oliver Bartenschlager

ETH Vice President  

Detlef Günther
Orçun GökselSergio Sanabria 
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ETH Zurich is known for top-level re-
search and teaching, but the univer-  
sity’s continuing education pro-
gramme is one of its most important 
endeavours. Switzerland has entire 
professional fields, such as spatial plan-
ning and development, that would be 
hard-pressed to find well-trained, local 
specialists without ETH’s continuing 
education courses. The long-standing 
post-graduate studies at ETH Zurich 
are still Switzerland’s only suitable ed-
ucational opportunity in certain sub-

jects. In total, ETH Zurich offers 16 
MAS programmes, 25 shorter CAS and 
DAS courses, roughly one hundred 
continuing education courses and 25 
e-learning programmes.

Putting it into practice – and fast 
However, ETH cannot afford to rest on 
its laurels. Quite the opposite, in fact: 
continuing education will gain still 
more strategic importance in future. 
“Education has always been one of 
Switzerland’s most important capital 

Signposts in a changing world: continuing education will become more of a given in future.

Continuing education strategy 

Top-speed knowledge  
transfer 
In an age of lifelong learning, returning to the classroom over  
and over is the norm. ETH is no exception, which is why continuing 
education will be accorded more importance here in future.

goods. Looking ahead, we have to 
make our human capital even more of 
a priority,” says Daniel Künzle, head of 
the Centre for Continuing Education. 
The ongoing technological transform-
ation makes continuing education ab-
solutely vital. Künzle explains that 
“one of the strengths of continuing 
education at ETH Zurich is our focus 
on quickly implementing the techno-
logical transformation in practice and, 
in turn, getting the hands-on working 
world ready in time for this techno-

logical step change.” Going forward, 
the continuing education offer is to be 
connected even more closely with the 
core fields of ETH research. 
 One example is medicine: ETH 
already offers an MAS programme on 
the intersection of medicine and phys-
ics, the purpose of which is to educate 
and train specialists who set up and 
maintain high-tech hospital equip-
ment. Currently, ETH is in talks with 
the University Hospital of Zurich re-
garding other offerings (an MAS and 
various CAS programmes) in the area 
of top-level medicine, where the 
strengths of both institutions comple-
ment one another perfectly. Another 
area where ETH is increasingly seek-
ing to put its research expertise into 
practice via continuing education is 
mobility of the future. The interdisci-
plinary “MAS ETH in Mobility of the 
Future” programme, being offered for 
spring 2017, focuses on the develop-
ment of mobility solutions that con-
serve resources.

Equally valued, custom-tailored
By creating the position of vice-rector 
for continuing education last year, 
ETH also clearly demonstrated at the 
organisational level the importance it 
accords continuing education. Paolo 
Ermanni, Professor of Structure Tech-
nologies and new Vice-Rector, has a 
clear vision: “The necessity of lifelong 
learning continues to blur the distinc-
tion some people still make between 
education and continuing education, 
but this boundary will eventually dis-
appear completely as studies and con-
tinuing education merge into each  
other more and more.” Ermanni wants 
to encourage people, inside ETH as 
well, to see the university’s teaching 
and continuing education disciplines 
as two equally valued sides of the same 
coin. He intends to ensure that lectur-
ers who teach in continuing education 

receive just as much support from IT 
services and educational developers  
as those in the more traditional courses 
of study. Similarly, when it comes  
to evaluations and quality assurance 
actions, Ermanni aims to have contin-
uing education on the same footing as 
traditional teaching. 

Ermanni believes that targeted ex-
pansion of continuing education will 
also serve to strengthen the univer-
sity’s ties to its stakeholders, be they 
alumni, companies or government au-
thorities. Continuing education can 
increasingly supply tailored offerings 
that speak to the needs of individual 
groups. For example, Ermanni and his 
team would like to offer a continuing 
education programme that would get 
women “back to business”. The idea 
would be to help women in technical 
and scientific careers who have taken 
time out from work for family to get up 
to speed with the latest developments 
in their fields. For these and similar of-
ferings, Ermanni also plans to make 
more use of new e-learning tools that 
can transmit knowledge to partici-
pants more flexibly. Still, direct con-
tact to ETH is crucial: “We want our 
students to be able to participate in the 
ETH world, too, and we want to give 
them the opportunity to meet others in 
the ETH community,” Ermanni em-
phasises. He believes networks are a 
key component of continuing edu-
cation. As he puts it, “The effect of con-
tinuing education is multiplied again 
over networks – for the students, for 
their institutions and ultimately for so-
ciety as a whole.” — Martina Märki

Centre for Continuing Education:
→ www.ethz.ch/continuing-education

Spin-offs

VENTURE KICK  
FIRST PRIZE 

In July 2015, three ETH alumni 
founded the spin-off  xorlab . Eight 

months on and the trio has won first 
prize at the Venture Kick final, worth 
130,000 Swiss francs. xorlab offers 
companies and government agen-

cies a new kind of software solution 
that protects against cyber-attacks. 

Going beyond traditional security 
solutions, the xorlab product can 
be integrated into a customer’s 

network, where it identifies hacker 
attacks hidden in e-mail data, 

PDFs, Word and Excel documents, 
and websites. xorlab has already 

acquired two pilot customers for the 
coming year.

→ www.xorlab.com

EUREKA INNOVATION 
AWARD 

 NeMoDevices , a joint ETH and 
University of Zurich spin-off, worked 
with partner companies to develop 
and patent two entirely new types 

of sensor. These sensors help 
 measure the amount and concen-
tration of oxygen in the brain. One 
of the many applications for this 
new diagnostic tool is improved 

monitoring of the condition of stroke 
victims. The project, Opto-Brain, 

was funded to the tune of 2.5 million 
Swiss francs and won this year’s 
EUREKA Innovation Award in the 

“Innovators of Tomorrow” category. 
→ www.nemodevices.ch

Photos: Noë Flum
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Strategic partnership

INNOVATIVE  
AND EFFICIENT 
CONSTRUCTION

Swiss construction group Implenia 
and ETH Zurich are looking to im-
prove efficiency in the construction 
industry. At the end of April, they put 
the seal on a strategic partnership that 
aims to develop new expertise in civil 
engineering and construction. Re-
search findings will feed into concrete 
process optimisations along the entire 
value chain. The partnership also aims 
to increase the appeal of the subject, 
promote the training of young con-
struction engineers and encourage the 
exchange of knowledge between aca-
demia and industry.

At the core of the agreement is the 
financial support Implenia is providing 

Looking to promote innovation in the construction industry (l-r):  
ETH Vice President Ulrich Weidmann; ETH President Lino Guzzella; Anton 
 Affentranger, CEO of Implenia; Jörg Kaiser, Head of Implenia’s Technical Center

for an assistant professorship in the 
field of innovative and industrial con-
struction at ETH’s Institute for Con-
struction and Infrastructure Manage-
ment (IBI). Implenia will be support-
ing this post over the next six years 
with a ring-fenced contribution of  
2.4 million Swiss francs to the ETH 
Zurich Foundation. The plan is for the 
chair to start work within the next  
12 to 18 months.

“Digital technologies are opening 
up completely new possibilities for de-
signing structures, and also for better 
collaboration between people and ma-
chines,” says ETH President Lino 
Guzzella. And Implenia’s CEO Anton 
Affentranger is enthusiastic too: “The 
construction industry is currently one 
of the most inefficient sectors in the 
whole economy. With our investment, 
we are actively helping to promote in-
novation and industrialisation within 
our field.”

E-Pics

ROCKS ONLINE
The image catalogue of ETH Zurich’s 
Earth Science Collections is now on-
line: the catalogue displays 3D images 
of approximately 1,200 minerals, fos-
sils and rocks on the platform ETH 
E-Pics. Individual digitised objects 
can be viewed from any angle. The 
materials stem from the Albert Heim 
Collection, which was gathered from 
all over the world between the 1880s 
and the 1910s.
E-Pics image database: www.e-pics.ethz.ch

Lokaltermin

ETH TALENT FACTORY 
In early March, the ETH President 
hosted a “Lokaltermin” with a focus 
on promoting young talent. The 
Execu tive Board took advantage of 
this opportunity to discuss with 
 representatives from the worlds of 
science, industry and politics what 
skills and knowledge graduates from 
ETH  Zurich need in order to compete 
on the labour market and contribute 
to solving the challenges of the future. 

Analcime crystals from Tyrol

Each year, thousands of students complete their 
studies at ETH Zurich. We in the ETH Alumni 
Association heartily welcome them into our 

network, as they are the future of our Association. 
With each new member, our international network 
grows and becomes stronger. This benefits every-
one – our members, who become part of a commu-
nity that offers both professional and personal sup-
port, and also ETH, through all its contacts with the 
individual member organisations. A strong network 
heightens the sense of belonging among the alumni, 
thus strengthening their connection with their alma 
mater. This sense of belonging is the fundamental 
principle on which we base all our actions. That is 
how we, as alumni, use our commitment and our 
achievements in all areas to reinforce the reputation 
of our alma mater. We are important ambassadors 
of ETH, be it as opinion leaders and experts on 
questions relating to technology, as employers for 
ETH graduates, or in supporting and fostering 

young talent – over time, our network has also 
 begun to produce active donors and benefactors. 
While our younger members use the alumni net-
work primarily to meet their own needs, our older 
members are often inclined, particularly in their 
 later years, to give something back to their alma 
mater, for example in the form of donations to the 
ETH Zurich Foundation. The annual mailing for 
the Excellence Scholarship & Opportunity Pro-
gramme (ESOP), for instance, generated around 
564,000 Swiss francs in donations in 2015. These 
funds will provide financial assistance to 14 excep-
tionally gifted students throughout their Master’s 
programme. 

To ensure the success of all these endeavours, we 
invest a lot of time in building and expanding 
our alumni network. We offer our alumni ac-

cess to more than 60,000 alumni entries in the 
Who’s Who database, and they can participate in a 
multitude of networking and continuing education 
events. Over the course of a year, that adds up to 
around 200 events around the globe. The spectrum 
ranges from podium discussions and talks with 
high-calibre speakers, excursions, company visits 
and regular get-togethers to events designed to 
 facilitate communication between alumni and stu-
dents. None of this would be possible without a lot 
of volunteer work. All board members, delegates 
and work groups of the member organisations per-
form their roles on a voluntary basis, dedicating 
their time and effort on behalf of their members and 
their alma mater. I would like to take this opportun- 
ity to thank all our volunteers for their active in-
volvement. They are what makes the Alumni Asso-
ciation the vibrant community that it is!

Column

Alumni –  
the networkers 

Photos: Earth Science Collections; ETH Zurich Foundation Illustration: Tomas Fryscak; photo: ETH Alumni

Walter Gränicher studied mechanical 
engineering at ETH Zurich and has been 
President of the ETH Alumni Association 
since 2013.
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skills, boasting a 3,000-square-metre 
cleanroom facility, space for 40,000 
mice, 30 laboratories with cutting-edge 
analytical equipment and computer 
infrastructure, and an entire floor of 
technical facilities for ventilation, tem-
perature regulation and steam gener- 
ators. The Phenomics Center is used 
by a total of 40 research groups from 
six departments, primarily comprising 
doctors, immunologists, oncologists 
and biologists. What unites them is 
their search for a better understanding 
of diseases such as cancer, diabetes, in-
flammatory disorders and infections. 

Understanding the organism 
as a whole
Manfred Kopf is an immunologist and 
Professor of Molecular Biomedicine  
at the Institute of Molecular Health 
Sciences. His group’s primary focus is 
on autoimmune and inflammatory dis-
eases such as asthma, psoriasis and ar-
teriosclerosis. Kopf’s office is situated 
just a few floors above the Phenomics 
Center, and he relies on mouse models 
for 90 percent of his research. “We’re 
trying to understand the role of the im-
mune system as a function of the or-
ganism as a whole. That’s why we need 
animal models to enable us to establish 
causalities between deviations in the 
genome and diseases,” Kopf explains. 
He believes that a genetic and bio-
chemical understanding of the organ-
ism is the basis for developing new 
therapies. 

The six-storey Molecular Health 
Sciences Platform building on ETH 
Zurich’s Hönggerberg campus is a 
modern and elegant addition to the 
skyline. But to find out what makes the 
HPL building really unique you have to 
venture inside. Three floors down in 
the building’s basement is an area that 
is accessible only to staff members who 
are wearing the right badge. We first 
meet Operations Manager Jonathan 
Ward in a changing room on the first 
basement level. “Please take off 
everything apart from your under-
wear,” he says, handing us shirts and 
trousers made from a dark blue fabric. 

Air showers and overalls
At the heart of the Molecular Health 
Sciences Platform building – which 
was inaugurated in 2013 – is the 
 Phenomics Center. This is where re-
searchers working at the interface 
 between biology, medicine and tech- 
nology have access to cutting-edge 
 laboratories and professional husband-
ry facilities for their mice. Ward takes 
us two floors further down into the 
bowels of the HPL building, passing 
through several locked doors on the 
way. Before we enter the cleanroom 
facility, we have to pass through an- 
other infection control barrier. We 
take off our blue shirts and trousers 
and pull on fine-checked, light blue 
synthetic overalls that have already 
been sterilised. Our cleanroom attire is 
rounded off with a mouth mask, hair-

Of researchers and rodents
The Phenomics Center keeps 25,000 laboratory mice  

under the most modern conditions. Globe visited the centre to 
discover why researchers still have to rely on animal models. 

TEXT  Samuel Schlaefli  PHOTO  Daniel Winkler

Claudine Blaser set up the Phenomics Center. A 3,000 square metre cleanroom facility with space for 40,000 mice

net, rubber gloves and plastic shoes. 
But there’s still one last step to go: we 
need to pass through an air shower to 
blow off any remaining particles that 
might still be clinging to our overalls. 
One by one, we spend a minute stand-
ing in a glass cabin while a howling 
blast of air gets us thoroughly clean. 
Finally, the glass doors on the other 
side of the barrier open and we are al-
lowed to enter the cleanroom area. 

“These rigorous infection control 
measures aren’t just to protect us,” 
says Claudine Blaser, who welcomes us 
to the cleanroom after our air shower. 

“We need them to shield the mice 
against any micro-organisms that 
could be carried in by the animal care 
technicians or scientists as these could 
influence the research results.” Blaser 
has spent the past six years setting up 
the Phenomics Center.

A qualified biologist with a PhD in 
immunology, she returned to the place 
where she took her degree in 2010 af-
ter several years working in industry. 
“I’ve always been someone who loves 
setting things up and getting projects 
off the ground,” she says. The Phenom-
ics Center was the perfect test of her 

Escape from the light:  
mice perceive the colour red  

as black.
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First encounter with the rodents
Claudine Blaser leads us to an animal 
breeding laboratory in the cleanroom 
area. It smells like a pet shop. Some 
1,500 mice are housed here, with three 
to five mice occupying each of the 
shoebox-sized plexiglass cages. The 
cages are neatly arranged in mobile 
metal racks. We immediately hear the 
monotonous drone of the ventilation 
system that supplies each cage with its 
own filtered supply of fresh air. This 
prevents the cross-contamination of 
pathogens between cages. The mice 
themselves don’t make a sound, and it 
would be easy to miss them at first 
glance. Many of them are holed up in 

Opponents of animal experimentation 
argue that these kinds of experiments 
are unnecessary because they can now 
be replaced by computer simulations, 
but Kopf disagrees: “Nobody has ever 
launched a drug that was tested for  
efficacy solely on the basis of computer 
experiments. Higher organisms are 
much too complex for that.” He insists 
that his group carries out animal ex-
periments only in cases where there  
is no in vitro or in silico alternative. 
Their motivation is both ethical  
and financial: “Animal experiments  
are time-consuming and very expen-
sive.” 

translucent red boxes, which provide 
the nocturnal animals with a hideaway 
to escape the light.

The Phenomics Center currently 
houses a total of 25,000 mice. These 
include 1,000 genetically distinct 
mouse strains or genotypes, which in 
many cases are indistinguishable just 
by their external features. Most of 
them were created by ETH researchers 
themselves through cross breeding 
and genetic engineering. Generally 
speaking, they are between one and six 
months old when they are first used in 
an experiment. An in-house animal 
welfare officer, two veterinarians and 
more than 20 animal care technicians 
are on hand to ensure the mice’s wel-
fare. 

Each of the cages is provided with 
a barcode, next to which are notes on 
the mouse strain, owner and genotype. 
To enable scientists to distinguish be-
tween the mice, they have small cres-
cent-shaped markings stamped on the 
edge of their ear. The number and pos-
ition of the crescents indicates whether 
you are dealing with animal one, two, 
three, four, etc. Any mix-up would be 
disastrous for the researchers and 
could potentially ruin years of re-
search. But thanks to the ear markings 
and the information on each cage, each 
animal can be uniquely identified and 
registered in a central database. 

“Not another one who works 
with mice!”
“The Phenomics Center is a fantastic 
facility for research because it allows us 
to standardise our models much more 
efficiently,” says Kopf. Recalling when 
he first came to ETH from Basel in 
2001, he remembers the President 
sighing as they negotiated his initial 
funding and saying: “Not another one 
who works with mice!” At that time 
ETH simply had no space to keep large 
numbers of laboratory mice, so Kopf 

Professors Manfred Kopf (left) and Markus Stoffel carry out research at the Institute of Molecular 
Health Sciences and rely on the infrastructure provided by the Phenomics Center.

Special cages for experiments 
Markus Stoffel’s group also makes 
regular use of these specialist laborato-
ries. One of the few researchers at ETH 
to have studied medicine, he was ap-
pointed as a Professor at the Institute 
of Molecular Health Sciences in 2006. 
His group currently has 2,500 mice in 
the safe hands of the animal care tech-
nicians. Stoffel’s work focuses on 
metabolic disorders, in particular dia-
betes. Whenever he wants to discover 
what effect a certain genetic alteration 
will have on metabolism, he makes use 
of metabolic cages. These special cages 
have tiny light sensors embedded in 
the frame, allowing scientists to con-
stantly monitor and record the ani-
mals’ physical activity. Additional sen-
sors take measurements at ten minute 
intervals of the animals’ feed, water 
and oxygen consumption as well as 
their CO2 production. By precisely 
measuring energy intake (feed) and en-
ergy expenditure (movement and heat 
loss) on a constant basis, Stoffel can de-
tect even the slightest changes in meta-
bolic processes. 

During these kind of experiments 
the researcher works closely with the 

animal care technicians. They support 
the researchers and ensure throughout 
the experiment that the animals’ basic 
needs are met and that they are not dis-
turbed by external factors. The animal 
care technicians may also carry out a 
whole series of tasks on the scientists’ 
behalf, such as taking small tissue sam-
ples to determine the genome of new 
litters or taking blood samples to meas-
ure fat and sugar content. They also 
train less experienced researchers how 
to handle the animals and show them 
how to give injections as painlessly as 
possible. Stoffel greatly appreciates 
their contribution: “Without their 
help we would have to go to the base-
ment several times a day, changing 
clothes twice and going through the  
air shower each time. You’ve seen  
for yourself how time-consuming that 
is!” 

A short video on the Molecular Health 
Sciences Platform: 
→ www.ethz.ch/youtube-phenomics

A “metabolic cage” for metabolism experiments

moved into a building in Schlieren with 
various biotech companies and togeth-
er they set up a new animal facility. 
Other researchers at ETH took a simi-
lar approach to tackling the situation, 
and over the years a number of sepa-
rate mouse facilities sprang up in the 
area. This was certainly not the most 
economical solution, and it was ulti-
mately not the best solution for the re-
searchers either. In 2008, the Vice 
President of Research decided to cen-
tralise these facilities on the Höngger-
berg campus. Today, Kopf has around 
3,000 mice at the Phenomics Center, 
representing 100 different genetic 
strains. These provide him with a kind 
of library, which he uses to carry out 
promising experiments to gain insights 
into the causes of disease. The Phe-
nomics Center also provides him and 
his colleagues with the specialist la- 
boratories and equipment they need to 
conduct their experiments. One ex- 
ample is the photoacoustic laser sys-
tem, which the researchers can use to 
observe the growth of a cancerous tu-
mour in an animal over the course of 
several months without having to re-
sort to surgery. 
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“ETH Meets California” was a great opportunity for people to get to know each other.

1 California

ETH IN THE GOLDEN STATE
Professors, researchers, students, alumni, 
and company founders from ETH Zurich met 
up with their Californian counterparts at a 
series of 12 events from 6-15 April 2016. 
Held across San Francisco, Berkeley and San 
Jose, the “ETH Meets California” events cre-
ated opportunities for the University to raise 
its profile in this key region of the world. They 
ranged from a hackathon for students (main 
picture) to a presentation of projects for  
the Cybathlon and a “Skye” blimp demon-
stration (small picture, top right). The events 
proved to be a popular opportunity to learn 
more about ETH Zurich. 

2 CeBIT

DISTINGUISHED GUESTS
German Chancellor Angela Merkel (centre) 
and Swiss President Johann Schneider- 
Ammann (left) visited ETH Zurich’s booth  
at this year’s CeBIT. ETH President Lino 
Guzzella presented two recent examples of 
ETH research to the political leaders of  
Germany and Switzerland. As well as a model 
of In-situ Fabricator’s mobile and cooper- 
ating construction robot, which is designed to 
bring digital production directly to the build-
ing site, he also showcased a new app from 
Game Technology Center that brings a col-
ouring book’s stationary, two-dimensional 
figures to life as three-dimensional characters 
as soon as they are coloured in. Much to 
everyone’s delight, Angela Merkel also had a 
go with the crayons, admiring her character 
on screen. 

3 Talented

YOUNG AND GIFTED
ETH Rector Sarah Springman (main picture, 
middle of back row) was delighted to meet so 
many talented young people at “Meet the 
 Talent 2016”. The event on the Hönggerberg 
campus gave alumni, private individuals and 
representatives of companies and founda-
tions a chance to meet students who have re-
ceived a scholarship as part of the Excellence 
Scholarship & Opportunity Programme. In 
addition to some brief presentations and an 
address by the Rector, the main focus was on 
getting to know the talented young people 
and finding out more about their fields of 
study, research projects and future plans. 

4 KITE award

INNOVATIVE TEACHING 
CONCEPTS
ETH Zurich recently presented its KITE 
Award for innovative teaching concepts for 
the first time. The University recognised 
ETH Professor Mirko Meboldt for the  
project-oriented concept behind his “Innova-
tion Project” and “Leading Engineering Pro-
jects and Coaching Design Teams” courses. 
Students in their second semester work in 
small project teams to develop a mechatronic 
system, taking it from the initial idea right 
through to a fully tested system. 

5 Tastelab

SCIENCE AND COOKING 
Five ETH Zurich alumni ran a pop-up restau-
rant called Tastelab on the ETH Polyterrasse 
from 9 May to 5 June. They were keen to 
show how scientific principles could be used 
to improve traditional recipes. Food lovers 
got the chance to discover how scientific 
methods can make things taste even better. 

Photos: Barak Shrama (3); Deutsche Messe / Rainer Jensen Photos: Eline Keller-Sørensen (2); Oliver Bartenschlager; 
Samuel Rey, KLR Architekten GmbH

1 California 3 Talented
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5 Tastelab2 CeBIT



CONNECTED CONNECTED
49

ETH GLOBE 2/2016ETH GLOBE 2/2016

48

GUIDED TOURS
 28 June 2016 / 6.15 p.m. 
The Plague in Basel and Zurich
In an evening tour on the ETH campus in 
Hönggerberg, staff of the Chemical and 
Pharmacognostic Collection as well as the 
Medicinal Plants Garden will tell visitors 
about  “Basel and Zurich in the Years 
around 1550: Four Doctors in the Time of 
the Plague”. They will explain how Conrad 
Gessner, Paracelsus, Theodor Zwinger  
and Felix Platter fought against the  
Black Death. (The tour takes place in 
German.)
  ETH Zurich, Hönggerberg, HCI E
→ www.ethz.ch/abendfuehrungen

 20 September 2016 / 6.15 p.m. 
Switzerland through a Lens
Staff at ETH Zurich’s Image Archive are 
exhibiting press photos by Comet Photo 
AG. The ETH library (ETH-Bibliothek) holds 
the photo agency’s archive. The pictures 
feature landscapes and contemporary 
events from the 1950s onwards.

 ETH Main Building, H, Bibliothek
→ www.ethz.ch/abendfuehrungen

EXHIBITIONS

 Until 30 September 2016 
The Architect Max Frisch
“No literature discussed here” promises 
the title of the current exhibition in the Max 
Frisch Archive at the ETH library (ETH- 
Bibliothek). For once, this is an exhibition 
that does not focus on the famous writer’s 
literary output, but on his work as an 
architect. Between 1936 and 1940, Frisch 
studied architecture at ETH Zurich and 
subsequently worked as an architect for 14 
years before devoting himself fully to his 
writing. The exhibition reveals the man and 
his activity as a practical architect, town 
planning theorist and surveyor. 

 ETH Main Building, H26, Reading Room 
Collections and Archives, Max Frisch 
Archive 
→ www.mfa.ethz.ch

 Until 20 November 2016 
Earth’s Treasures
In response to continued public interest, 
this exhibition about how we use raw 
materials has been extended. The show 
informs visitors about how mineral 
resources are formed, extracted and used 
and what happens to them when we no 
longer need a product. 
→ www.focusterra.ethz.ch

Book launch

MEN’S UNIVERSITY –  
WOMEN’S ISSUES! 
Institutions such as equal opportuni-
ties officers and gender research cen-
tres at universities and colleges are 
the result of lengthy hard-won battles. 
The book Männeruni – Frauenfragen! 
(German only) analyses a develop-
ment that was initiated by second- 
wave feminism and led, in the end, to 
equality issues becoming a topic at the 
organisational level at the University 
of Zurich and at ETH Zurich and to 
the creation of equality roles. The 
more these roles became established, 
the broader their influence became. 
This ultimately led to the students 
who had initially started the move-
ment becoming invisible by the 1990s. 
The author investigates what the uni-
versity feminist movement achieved 
and to what extent it was able to influ-
ence the institutional anchoring of the 
equality objectives it had originally 
formulated. Based on largely un-
tapped university material, the book 
also features numerous interviews 
with those involved in the events. 

ISBN 978-3-0340-1303-1
Chronos Verlag
Price: CHF 48.00

Agenda

EVENTS
 23 June 2016 / 6.30 p.m. 
Crisis-proof organisations 
How can we gauge the resilience  
of an organisation without actually  
putting it through a real crisis?  
At the event entitled “Well-Prepared for 
Hard Times – Organisational Resilience”, 
Monika Auer-Furrer, an ETH graduate 
scientist with post-graduate studies in 
systemic organisational consulting, will 
explore precisely this question. 

 ETH Alumni Pavillon, MM C 78.1
→ www.ethz.ch/resilienz

 29 June 2016 / 6.00 p.m. 
Latsis Symposium 
Public event on the topic “What Is 
 Personalised Medicine”: podium 
 discussion with aperitifs. (The language  
of the event is German.)

 ETH Main Building, Audimax 
→ www.itis.ethz.ch/latsis2016

 6 September 2016 / 12.30 p.m. 
Industry Day 2016
Hear first-hand accounts of pioneering 
research at ETH Zurich and talk with 
researchers about innovations and their 
transfer into industry. 

 ETH Hönggerberg
→ www.ethz.ch/industryday-en

Manifesta

“PAVILLON OF 
REFLECTIONS”

 11 June to 18 September 2016   Manifes-
ta, the European biennial of contempo-
rary art, will be taking place in Zurich 
this summer. For the event, students at 
the Tom Emerson Chair are designing a 
“Pavillon of Reflections” on Lake Zu-
rich. The pavilion is a floating, multi- 
functional platform outfitted with a 

 giant LED screen, spectator seats, a 
pool, and a bar. In the daytime, the 
 “Pavillon of Reflections” will serve as a 
swimming pool and meeting place; in 
the evening, as a place for people to 
 reflect on the artworks presented there.

The Alex Lehnerer Chair will also 
make a contribution by transforming 
the  famous Cabaret Voltaire into a 
“Guild House for the Arts”. 

Programme:
→ http://m11.manifesta.org/en

Alumni trip

IN THE FOOTSTEPS  
OF CALATRAVA

 22 to 25 September 2016   Travel oppor-
tunity for ETH alumni: in early autumn, 
a visit to the home town of the star ar-
chitect and ETH alumnus Santiago Ca-
latrava is on the agenda for the ETH 
Alumni Association. The short trip of-
fers alumni the opportunity to experi-

ence the city of Valencia, study the ar-
chitect’s achievements and explore the 
region’s important agricultural sector. 
The tour is being organised and led by 
an ETH agronomist who knows the 
 region inside out. 

Travel information and registration:
→ www.ethz.ch/trip-valencia

Designed by ETH students: the “Pavillon of Reflections”
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Ulrich Graf reaches for his smartphone and 
pulls up a photo of a triangular flight forma-
tion during the “Zigermeet” air show in Mol-
lis in 2011. Bringing up the rear is a DH 115 
Vampire Trainer, Graf at the controls. “I was 
discharged as a reserve officer from the army 
in 1997 at the age of 52 – as the oldest air 
force pilot to trade in fighter jets for helicop-
ters,” he says, not without a touch of pride in 
his voice. Now he indulges his passion in his 
free time. He has built up a small collection of 
decommissioned military aircraft, which he 
keeps in hangars in Speck-Fehraltorf, Würen-
lingen and Sion. The Vampire Trainer on the 
smartphone picture is one of them. Graf still 
flies in three different flight categories. “Fly-
ing is a hobby you have to practise at a profes-
sional level,” says the Chairman of the Board 
of Directors of dorma+kaba, now 71. “Obvi-
ously it involves a lot of effort, but it keeps me 
on the ball.” 

Secondary school as a springboard to flying
Graf had set his heart on becoming a pilot 
from the age of nine. That was the main rea-
son why he attended secondary school in 
Winterthur. He had heard that obtaining 
school-leaving qualifications would increase 
his chances of a flying career. School came 
easily to him and so he found enough time to 
help out at the Wiesendangen gliding air-
field, picking up the wheels discarded by the 
gliders after take-off. “Totally intoxicated” is 
how he describes the way he felt about flying 
back then. Shortly after his 17th birthday, he 
had his own glider pilot’s licence in the bag. 
Later, when he signed up for compulsory 
military service in the armed forces, there 

was only one option: military pilot. Military 
flight training took two years, which he com-
pleted alongside future “Patrouille Suisse” 
pilots and former army chief Christophe Ke-
ckeis. After passing out, Graf faced a choice 
between a professional career as a military 
pilot in the surveillance squadron or as a 
Swissair pilot. He decided that both of these 
storybook careers were too predictable. “I 
know now that I sometimes need scope for 
both opportunities and risks.” 

Following the advice of his secondary 
school teacher, who had recognised his talent 
for maths, Graf went to ETH and enrolled on 
a physics degree course. However, he soon 
realised that a scientific career wasn’t for 
him. He disliked rote learning and once he 
had understood a law, he was ready to move 
on to the next challenge. “I really only used 
my time studying to give my pragmatism a 
systematic veneer,” Graf says with a laugh. 
After studying physics for one semester, he 
switched to electrical engineering. He spent 
the last two years additionally attending lec-
tures at the Betriebswirtschaftliches Institut 
(Institute of Business Administration – 
BWI). “This combination often proved use-
ful to me in later years.” Today, Graf describes 
his university days as the best days of his life. 
Besides studying, which he found easy, he 
played ice hockey in the Swiss National 
League B and the first regional league. He 
earned his living by working as a supply 
teacher at secondary schools in the Canton of 
Zurich. And while at university, he also found 
time to fly regular sorties as a reservist mili-
tary pilot. But he occasionally felt slightly 
envious when his former flying school 

“I sometimes 
need scope 

for both  
opportunities 

and risks.”

Flying ace  
with key skills
He used his time studying at ETH Zurich to give his  
pragmatism a systematic veneer, says alumnus Ulrich Graf,  
Chairman of the Board of Directors of the dorma+kaba Group. 
TEXT  Samuel Schlaefli  PHOTO  Annick Ramp

ABOUT

Ulrich Graf
Ulrich Graf grew up in Winterthur, 
Appenzell, as the son of an account-
ant. He obtained a degree in elec-
trical engineering from ETH Zurich. 
From 1976 on, Graf held various 
executive positions at a number of 
Kaba Bauer companies. In 1989, he 
assumed the position of CEO and 
Delegate of the Board of Directors, 
becoming Chairman of the Board of 
Directors in 2006. He has also been 
Chairman of the Board of Trustees 
of Rega (Swiss Air Rescue) since 
2012. He is still passionate about 
flying and flies helicopters and jet 
planes.
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colleagues talked about the fantastic destina-
tions they got to fly to as Swissair pilots, Graf 
admits.

Assigned to “electrify” the company
In 1972, the new ETH alumnus joined his  
uncle’s firm Procalor, a heating technology 
company. He soon took over the running of 
the company, and was positioned to succeed 
his uncle when the latter retired. In return, 
Graf wanted 51 percent of the shares, which 
the major shareholders refused to authorise. 
So he left the company and for the first and 
last time in his life formally applied for a job: 
as managing director of Bauer Holding, based 
in Rümlang, the parent of the Bauer Kaba 
Group, a Swiss producer of keys and safes. He 
got the job, along with the clear assignment 
from the then CEO to introduce electronics 
into the company. “You have to remember 
that back then all systems were still mechan-
ical and most of the staff were not familiar 
with Kirchhoff’s circuit laws or Ohm’s law.”

Graf began in earnest to get to grips with 
the first microchips – at the time 4-bit pro-
cessors developed at the Bell Laboratories in 
New Jersey. Kaba was among the first com-
panies in Switzerland to acquire its own micro-
processor development system, an Intel 
MDS 400. In the early days at Kaba he often 
spent his nights devising new systems, Graf 
tells us. It wasn’t long before the company 
presented the world’s first access control sys-
tem using an RFID microchip. Nowadays, 
this technology is commonplace in many 
companies in badges, key fobs or watches. “It 
was clear to me from the start that a strategy 
of technological leadership was the only way 
to go. There was simply no way you could 
ever achieve cost leadership at the world’s 
most expensive production location.” This 
strategy has served Graf well for 40 years. 
During this time, the workforce has grown 
from 400 to over 8,000, while net sales have 
increased from 35 million to over one billion 
Swiss francs (prior to the merger with Dor-
ma). Today, dorma+kaba is one of the world’s 
leading providers in the market for security 
and access solutions. 

Digitalising the key
Since the Group does not conduct any re-
search of its own, but rather focuses on devel-
oping its products and solutions, it relies on 
cooperation with universities to maintain its 

position as a technology leader. In 2012, a 
four-year research collaboration was set up 
through the ETH Zurich Foundation be-
tween Kaba and ETH’s Zurich Information 
Security and Privacy Center (ZISC). Issues 
relating to data security and data protection 
are also becoming increasingly important for 
dorma+ kaba. Especially in times where – 
thanks to Bluetooth light and near field com-
munication – smartphones double up as keys. 
The company recently developed an app for 
 access control via smartphones. Hotels 
equipped with the system can send their cus-
tomers their virtual room key along with 
their booking confirmation. Checking in at 
reception thus becomes a thing of the past. To 
date, 17,000 rooms worldwide have been 
equipped with the system and, Graf says, in 
the United States a new hotel is added every 
week. However, he firmly believes that the 
traditional key, with its specific characteris-
tics, is not about to disappear just yet. 

Asked what his hopes are for ETH  
Zurich, Graf turns to the topic of leadership 
– his second professional hobby, as he puts it. 
And one that he learnt in exactly the same 
way as he learnt how to fly in the armed  forces. 
“In my day, leadership regrettably wasn’t 
part of the curriculum at ETH. Everything I 
know about it I learnt in the army and in the 
course of my professional career.” In his view, 
the former rules of command in the Swiss 
Army were more valuable than some manage-
ment bibles. Among other things, they con-
tained expressions such as “I want… in which 
I… and I pay particular attention to…” that 
remain with Graf to this day. “The most im-
portant thing of all in leadership is to express 
yourself clearly and unambiguously in the 
first person and issue clear orders.” But this is 
something a lot of people today find difficult. 
He recently took a look at the army’s current 
regulations. “Do you know what they say? 
 Instead of ‘I want …’ it now reads ‘The impor-
tant thing is …’” In his view, all this does is 
fudge over delegating responsibility – some-
thing he considers problematical. Or, to put 
it in Graf’s words: “What utter nonsense!” 

“In my day, 
leadership 
regrettably 
wasn’t part  

of the  
curriculum  

at ETH  
Zurich.”

ABOUT THE COMPANY 
Kaba was founded in Zurich 
by Franz Bauer in 1862. In 
1932, the company patented 
the first reversible key 
system, where the key can 
be inserted into the cylinder 
either way up. The company 
specialises among other 
things in locking, ID, access 
and time management 
 systems. In 2015, Kaba 
merged with Dorma, based 
in Germany, to form the 
dorma+kaba Group. The 
group employs a workforce of 
around 16,000 in 50 countries 
and in the financial year 
2014/2015 reported com-
bined sales of over 2 billion 
Swiss francs. dorma+kaba 
Holding has its headquarters 
in Rümlang, Switzerland. 
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1 Which teacher or professor had  
the most far-reaching impact on 
your career?

I could name several, but in particular 
Günther Jung in Tübingen (Professor 
of Organic Chemistry), Hans-Dieter 
Höltje in Berlin (Professor of Pharma-
ceutical and Medicinal Chemistry) and 
Tom Blundell in London (Professor  
of Biochemistry). They encouraged 
young scientists like me to question the 
received wisdom, to break out of the 
standard doctrines and dogmas, and to 
set our ambitions higher than ever be-
fore. And they were always right there 
in the thick of things. 

2 Is the current system of publishing 
bad for science and research? 
As always, the real damage is 

caused by people taking things to ex-
tremes. Piecemeal publication just for 
the sake of statistics, citation cartels to 
boost the h-index, texts that are mostly 
standardised, and prettified narratives 
with no negative components – none 
of these things fit the tradition of en-
lightened, polarising scientific dis-
course. And that’s why this form of 
discourse is increasingly turning to 
modern media publishing formats. 

3 What does “critical thinking” 
mean to you? And how do you 
 apply it on a daily basis? 

Acquiring the capability to make 
well-founded decisions and to separate 
the good from the bad – and maintain-
ing that ability in the long term. It ap-
plies to everything from reading to 
cooking. 

4 Are there any areas in which  
your work hasn’t been a success?
Drug design – for example the de-

sign of orally administered peptides. 
All the necessary parameters seemed 
to be known but they weren’t. We had 
no luck with combinatorial analysis or 
simulations, but now it’s getting inter-
esting again because we might see 
some solutions emerging from genetic/ 
cellular engineering, so from a com-
pletely different perspective. That’s 
what makes science and research so 
exciting. 

5 What’s the best way of helping 
 talented people to flourish? 
Having faith in someone instead of 

expecting the worst. Many positive 
elements of the new public manage-
ment system have been completely 
 reversed and are now perceived unfa-
vourably as a form of control. The 
well-intentioned notion of transparen-
cy has morphed into a threat and be-
come a source of relentless individual 
strategies of self-justification. Funda-
mentally new things often emerge in 
the twilight or shadows, rarely in the 
cold light of analysis. 
— Interview by Felix Würsten

 Gerd Folkers  firmly believes that you need to 
have faith in talented people. “Fundamentally 
new things often emerge in the twilight or 
shadows – rarely in the cold light of analysis.” 

Gerd Folkers 
is an ETH Professor of Pharma- 

ceutical Chemistry. From 2004 to 2015 
he served as the Chair of Collegium 
Helveticum, a joint think tank of ETH 
Zurich and University of Zurich dedi-
cated to the study of new transdisci-

plinary scientific perspectives. Folkers 
was appointed head of the Critical 

Thinking Initiative at the start of 2016.  
 → www.criticalthinking.ethz.ch
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