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Technology is changing the economy almost as much as
climate change is changing nature. This might be a bit
of an overstatement, but it illustrates how deeply current
technological developments — for example artificial in-
telligence, robotics, and machine-to-machine communi-
cation — could influence economic processes in the fu-
ture. All this will generate far-reaching consequences for
the labour market and jobs. Hence it is for good reason
that an intense debate has arisen in politics and govern-
ment regarding how the Germans should prepare for
this challenge, so that digitalization does not entail in-
creased social divisions. The Vodafone Foundation
would like to contribute to the search for answers to this
question. To that end, we brought together German and
international experts from a variety of sectors. Their fin-
dings are presented in this book in order to support the
efforts of decision-makers in federal and regional
governments.

To begin, the renowned robotics and automation
expert Ken Goldberg of Berkeley University gives an
overview of the technological upheavals that are already
underway and how they are likely to develop in the fu-
ture. The consequences that these changes could have
in terms of employment are then illustrated by Oxford
economist Carl Benedikt Frey, who worked on one of the
most internationally recognized studies on the subject.



By contrast, a closer look at the situation in Germany is
offered by Joachim Méller, Director of the Institute for
Employment Research of the Federal Employment Agen-
cy, who has analysed the most recent German figures on
this topic. But what do all these changes in the economy
of tomorrow mean for the education of today? How
should young people prepare for future employment?

Stephen Spurr is looking for an all-encompassing
answer to that question. For years, he offered his stu-
dents at the best schools in England a comprehensive
education; today, he advises a worldwide school network.
His concepts are complemented from two completely dif-
ferent directions: Fiona Brunk’s and Pantelis Pavlakidis’
look at the day-to-day social reality of an inner city
school in a deprived area of Berlin demonstrates how
digitalization is already affecting students, and how
teachers are doing everything in their power to prepare
them for further education, using also simple means.
Beyond classical education, there is also the path of crea-
ting one’s own business, on which innovation expert
Stephan Gutzeit is concentrating — as well as calling for
more support for creative entrepreneurs.

The various findings that are gathered in this
book seem to have an important commonality, upon
which the CEO of the Vodafone Foundation Germany

Mark Speich further elaborates: technological competence,



ALGORITHM

The magic word that conjures up the growing influence of computer
programs on our daily lives, yet one that is often met with a shrug.
Few people are able to explain algorithms, although in principle they
are easy to understand. An algorithm is a unique, executable sequence
of instructions of finite length for solving a problem. According to
these conditions, algorithms can set out both the rules for multiply-
ing and the assembly instructions of a furniture manufacturer. There
are thousands of mysterious algorithms that determine our everyday
life in software programs and are active in almost every technical
device. They calculate the shortest route through a city, predict who
will fall in love with whom, influence the global economy, and may,
if necessary to complete their given task, even independently develop

new algorithms.

from the adept use of all digital media to the basic un-
derstanding of algorithms, is becoming undeniably ever-
more important. At the same time, education must pro-
vide people with those kind of skills that computers can
never take away — open-mindedness, orientational
knowledge, critical thinking, self-discipline, creativity,
and empathy.

»lechnology alone is not enough. [...] It’s technology
married with liberal arts, married with the humanities
that yields us the results that make our hearts sing«,
which Steve Jobs once said it is in Apple’s DNA. It seems
that we will need to look even harder for ways to use this
recipe for success for the education system of the

digital age.
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Stories of robots taking over our lives are popular in the news and
films. The term »Singularity« claims we will soon reach a point when
robots and computers will surpass humans and make us obsolete. This
fear of robots isn’t new. It goes back to the Pygmalion myth in Greek
history through to Frankenstein and the Luddites and takes many
forms, including the new film »Ex Machinax.

Our worries are fueled by perceptions of accelerating advances in
technology, which are changing the world around us. It seems to us
that we are within the greatest period of technology that the world has
ever seen. But if we go back 100 years to the beginning of the 20th
century, there were far more significant advances: x-rays, automobiles,
air conditioners, the theory of relativity (not to mention the zipper!).
These were fundamental advances that had an enormous effect on
humans, on society, on jobs, on our daily life. In some sense they dwarf
the technologies that we have seen in the last 20 years.

I'm an optimist. My perspective of the future is that humans —
together with robots — have many good years left.

One of the genuinely new and very exciting frontiers in technolo-
gy is Cloud Robotics. The paradigm most robotics has had to observe
for the past decades is that we always assumed that robots had to carry
all of their computing and memory on board. With the emergence of
Cloud Robotics a new generation of robots can use wireless networking,
Big Data, open source, and deep learning to improve how they assist
(but not replace) humans in tasks from driving to housekeeping to
surgery.

There are over five million service robots like the Roomba Robbie
vacuuming homes and offices and over 3000 robots assisting surgeons
in operating rooms around the world. But robots are not yet folding
our laundry or loading our dishes into the dishwasher. These mundane
chores are fiendishly difficult for robots. The essential problem is un-
certainty. There is uncertainty in the sensors, in the actuators, in the
environment, in the physics itself. Put yourself in the position of being



ALPHAGO

Software by Google subsidiary DeepMind, which defeated the Go
world champion Lee Sedol in March 2016. The Chinese board game is
considered the most complex game in the world. Although there are
only four basic rules, there are more possible moves than atoms in
the universe. Since it is impossible to examine all search trees
to find the best move, programmers developed artificial neural
networks for AlphaGo that enable the software to anticipate moves
rather than precalculate them and to continuously improve through
self-training. The method thus resembles human intuition, which

is why AlphaGo i1s considered a milestone in the development of

artificial intelligence.

a robot: everything around you is blurry and unsteady, low-resolution
and jittery, you can’t really tell what things are, where they are, and
how they are moving. You can’t perfectly control your own hands, it
is like you're wearing huge oven mitts and goggles smeared with
Vaseline.

The key to a new generation of robots is the Cloud. The Cloud is
not just a new name for the Internet. It is a new paradigm that uses
the Internet in new ways. Everything can be stored in the Cloud using
remote server farms with shared memory and processors. The Cloud
also provides economies of scale and makes sharing data across ap-
plications, devices, and users easier than ever. (while of course raising
huge privacy and security concerns). Here is what I see as the four 10
advances of Cloud Robotics:

The first advance of Cloud Robotics is Big Data. Consider design-
ing a robot to declutter your house. This is very important for anyone

who has kids and especially for those of us who are getting older.
When a senior citizen drops something on the floor, they may not no-
tice it because of poor eyesight. Even if they see it, it is not easy to reach
down and pick all these things up. But the consequence of tripping
over an object on the floor and falling can be catastrophic in old age.
What if a robot could work quietly while you are sleeping or at work,
picking things up off the floor and putting them where they belong?




The problem is that no matter how well you program the robot there
will always be something that it hasn’t seen before. Ideally, any robot
that’s working in your house should be connected to a Wi-Fi network
so it has access to a vast library of information on the Internet, where
there’s information on almost every object imaginable. It is an

enormous amount of information, and it is constantly growing.

g
The second advance of Cloud Robotics is Cloud Computing. The

Cloud not only holds vast amounts of information on demand but al-
so provides access to remote clusters of computers and their computing
power on demand. Robots can carry at most a few computers, but there
are many problems that require far more computation than those can
provide. One exciting approach is to model the environment, sensors,
and actions using probability distributions. To solve them requires
taking the convolution of several distributions. This quickly becomes
infeasible with onboard computing power as the probability distribu-
tions become more complex, multi-modal, and nonparametric. Cloud
Computing, the use of clusters of computers through the Cloud, now
makes these computations possible. Such computing power also facil-
itates statistical optimization, machine learning. and planning mo-
tions in high dimensions with many simultaneously moving robots.
The third advance of Cloud Robotics is Open Source. It uses the

fact that humans are increasingly connected over the web, exchanging
information and ideas. Here’s an example. I was born in Nigeria, and
I went back there a few years ago. | was surprised to find that there
was an enormous interest among students in robotics. In Africa, like
all countries, robots are the »gateway drug« for getting students in-
terested in science, technology, engineering, and math (STEM). But
existing educational robots are still relatively expensive. Together with
Professor Ayorkor Korsah at Ashesi University College we started the
African Robotics Network (AFRON) and we announced a worldwide
challenge to design an ultra-affordable robot for education. We set the
target price for this at US 810. Just as a way to get attention, we didn’t



think anybody could possibly achieve this. We received 28 submissions
from people all around the world with very interesting designs. But
they all cost about 50 to 100 dollars. Except one: an inventor from
Thailand took an old SONY game controller and modified it by at-
taching two bottle caps as wheels to make a mobile robot. He also
added lights, but he wanted something that would detect when it
bumped into something. He realized that he could use the two thumb
switches on the top. The problem was that when he tested it, the
thumb switches wouldn’t react; they needed more leverage. He thought
about what might work as counterweights for the thumb switches and
came up with a brilliant idea: lollipops. And so the lollibot was born.
What kid could resist a robot with two lollipops on top of it? The
amazing part of this is that the entire costs for the lollibot are US
88.96. That includes the two lollipops. This is an example of the pow-
er of the Cloud harnessing the vast amount of human ingenuity that is
out there in the world.

The fourth advance of Cloud Robotics is Deep Learning. What we

are considering now is what if robots have an unlimited memory and
computing power. What would that enable? I want to give a few
examples from work in my lab:

Computers and robots are very good at playing chess and invert-
ing large matrices but they are actually very, very bad at doing things
that even a one-year-old child is good at. Like picking things up and
putting them into a place. This kind of dexterity is very important
though, if we want robots to assist us in our homes, in handling ware-
housing or performing surgical tasks. One of the challenges is what
we call robust grasping. By robust we mean reliable.

Here is the idea. Imagine that a robot looks down and sees
something on the table. It then takes an image of that object, sends
that up into the Cloud. In the cloud, there is a lot of information stored
on that object to assess its properties, its centre of mass, its materials,
its friction, etc. All the information that is available in the Cloud comes



ARTIFICIAL INTELLIGENCE

Researchers in Artificial Intelligence are trying to emulate human
perception and action through machines. Computers shall be enabled
to independently solve problems. However, to date they have not
vet been capable to simulate the human capacity for understanding
in all its complexity. Therefore, research is focused on sub-
regions in order to further facilitate work, for example through
artificial intelligence. At what point is a machine considered
intelligent? To answer this question, the mathematician Alan
Turing in 1950 developed the Turing test: a man and a machine try
to convince a test person of their humanity without visual contact
(e.g. via a chat). If the tester cannot definitely determine who

is the human and who is the machine, the machine is considered

intelligent.

back down to the robot and then the robot is able to pick the object
up. The ultimate challenge is to do this in real time, that the whole
roundtrip process from sensing to processing to actuation can happen
in milliseconds.

This is where Deep Learning as one of the new enabling technol-
ogies in this field comes in. Deep Learning has been extremely effec-
tive, for example, in image processing. The key there has been to have
access to vast libraries of images, many millions of images. The scal-
ing effects have allowed deep learning to do things that couldn’t be
done before.

In my lab we are doing something analogous for grasping, for dex-

13 terity. What we are using is the growing amount of data on three-
dimensional objects that are being put online because of 3D-printing
and other new technologies. With this we're building what we call the
Dexterity Network, or Dex-Net. With 10 000 three-dimensional mod-
els stored in the system we are now processing those models to
compute robust grasps.

Deep Learning plays a key role to match objects that are similar
in the data set. We found that Deep Networks are much more effective
than any methods we knew before at matching a new object to the set
of objects that we have pre-stored. So we are essentially building on
the library of precomputed grasps that we have for previous objects.



By using Google Compute Engine and Cloud Storage we can distribute
the computing between different nodes. Currently were using 1500
nodes across the network to do the computation. What we are starting
to see are scaling effects, in other words, the benefit is accruing when
we start to have a critical number of objects in the data set.

Building on this, our newest steps are physical experiments. We
are setting up robots to self-learn over time. We place objects in front
of a robot arm. Along with a wire set up as a reset mechanism the ro-
bot can reposition an object and re-grasp it over and over again. And
the idea is to leave this running in a lab overnight, over a weekend or
a matter of weeks, so that over time the robot will become better and
better and more and more dexterous.

The other field we are working on is robot assisted surgery. What
we are trying to do is provide something similar to driver assistance
systems in cars for human surgeons. Surgeons will have assist tools
that are able to support them with tedious subtasks, while still being
very much at the wheel, as you will. For example, injecting fluids in a
very uniform matrix across the particular origin of interest is some-
thing that robots can already do very well now. Reliably cutting a
pattern from gauze is already more tricky for a robot. Even more com-
plicated tasks we are working on with newly developed pieces of hard-
ware, include scanning and probing the surface of objects to detect
underlying irregularities. Such as finding a subcutaneous tumour. And
then of course making exact incisions and removing such a tumour.

Again, Deep Learning plays a crucial role in developing these ro-
bot assist tools in surgery. We analyse recordings of human surgical
experts as they perform surgeries and use Deep Learning to process
them by segmenting out the motions to learn a subtask and the se-
quence of motions from the vast amount of pre-stored trajectories of
videos stored online.

This is a snapshot of several of the areas of where we are seeing
the Cloud have a major impact on the field of robotics.

14



How are Cloud Robotics going to matter to us as humans in this
exciting present and future? Many are worried that this will mean the
end of human jobs. It is important to emphasize that progress with
robots is slow: humans are safe for quite a long time. There is no doubt
that there will be a reduction in employment but we have to also
realize that a huge amount of that is because of changing demograph-
ics and globalization. Those are much bigger influences than the
changes in robotics.

The other factor is the term »Singularity« that I feel is causing a
great deal of alarmist fear that I feel is unwarranted. Let’s counter
that term with something more important: »Multiplicity«. Rather than
a singular, monolithic Artificial Intelligence (Al) that is suddenly go-
ing to take over and replace humans, what is much more exciting is
the idea that we need to work together as humans and with groups of
machines. And the key here is diversity.

It is known that computers and machines work better when there
is a diversity of algorithms. Something known as random forests is
the most effective technique for machine learning and it involves not
just one random tree but a forest of random trees, all different and
sufficiently diverse. There is numerous research on something called
collective 1Q, not the 1Q of an individual but the 1Q of a group. When
trying to study what makes a group more efficient and more effective,
one thing that we have already found out to be crucial to the effec-
tiveness of a group of humans, just like for a group of machines, is
diversity. Having a multitude of different perspectives is crucial to
innovation and problem solving. So what is important in the next dec-
ades, is to change our way of thinking to a growth mindset where we
emphasize how new combinations of people and machines can en-
hance curiosity, creativity, initiative, empathy, and multidisciplinary
thinking.

* I would like to thank Johanna Borsch-Supan for her assistance in preparing this article.
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Mr Frey, you published a highly acclaimed study in 2013 along with
your colleague Michael A. Osborne. In it you studied the automation of
professions and jobs in the US labour market. You came to the conclu-
sion that almost half of all jobs are in danger of being replaced by ma-
chines, computers, or algorithms within the next twenty years. Which
professions will no longer exist?

C B F: We cannot predict which occupations will ac-

tually disappear. We only examine to what extent a job
is automatable from a technological capabilities point
of view, given the type of task it involves. Neverthless,
once an occupation becomes automatable, the demand
for workers in such jobs tends to fall over time.

Which areas are most at risk?
C B F : Manufacturing jobs will be affected, as has
been the case for quite some time now. What is new is
that service jobs are now also becoming increasingly
automatable. In the future, jobs in transportation —
think of self-driving cars — as well as the logistics, and
even in service or sales will be affected.

How did you conduct your study?

C B F: We initially sought to determine in which ac-

tivities people will continue to have a competitive ad-
vantage over machines. Together with a group of com-
puter scientists and robotics experts, we defined three
areas, which we called »engineering bottlenecks«. First
of all, all activities that have to do with creativity, for
example the ability to develop new ideas, works, or the-
ories. Machines are very good at finding solutions for
clearly defined tasks, but they are not yet in a position
to ask the right questions. Second: social competence.
These are activities where human exchange, negotiation

skills, or the appropriate response to emotions matter



ARTIFICIAL INTELLIGENCE - ETHICS

Out of the development of Artificial Intelligence, a number of
ethical guestions arise that have not yet been adequately dis-
cussed, even according to numerous computer experts. In 2015, in
an open letter from the Future of Life Institute, a total of 1000
scientists, Internet entrepreneurs, and computer specialists from
the United States assembled a catalogue of topics and questions
which highlights the risks of independently acting computer
systems and algorithms: What does positive, beneficial Artificial
Intelligence even mean? How do you teach a machine about ethics,
such as the balance between personal and material damage? Would
an artificially intelligent machine violate data protection when
it observes people? Can autonomous lethal weapons be brought into
conformity with humanitarian international law? The group has
called for a ban on autonomous weapons that operate without human

intervention.

a great deal and will be hard to replace. And last, fields
involving perception and the manipulation of objects.
For machines and robots, it is difficult to navigate in
complex environments.

But if I understood your findings correctly, you also believe that automa-

tion could affect future doctors or lawyers. How?
C B F : No. Doctors or lawyers are not yet automata-
ble, although some of the tasks they do are. The review
of documents and case histories is increasingly being
performed by algorithms, and diagnostic procedures
too can be automated. There are also early experiments
in which surgical robots assist surgeons. But we are far 18
from seeing these jobs become fully automatable.

Let us return to the endangered areas. When people in these sectors lose

their jobs: what will they do instead? In which direction will the labour

market shift?
C B F: There is not a straightforward answer to this.
Some workers become unemployed or even drop out of
the labour force. But at least up until now most workers
have found new jobs. Taking the case of manufacturing
jobs being automated away, these workers have either
shifted into more cognitive work in professional services




by means of upskilling, or they have taken on manual
service jobs that are non-automatable, sometimes at
lower pay. The consequence has been a highly polar-
ized labour market, in which traditional middle-income
jobs have disappeared, but employment in high and
low-income jobs has surged.

With automation, production costs decrease and productivity increases.

What kind of an impact does this have on wages?
C B F : Productivity growth happens when technolo-
gy is either implemented to substitute workers or when
it complements workers skills. In the first case, automa-
tion will put downward pressure on wages, in the latter
case, wages will grow in tandem with productivity.

How is the situation in emerging and developing countries going to change?
C B F: According to a study recently published by
the World Bank, which applied our method to devel-
oping and emerging countries, shows that low-income
countries are even more affected by automation. In
India 66 per cent of jobs are at risk, in China 77 per
cent, and in Ethiopia as much as 85 per cent. This
underscores what we have long known: agricultural
workers are very easily replaced by machines. These
jobs might not be automated anytime soon because
many people in these countries work on small farms
or in family businesses that have not yet undertaken
automation. But it is only a matter of time.

You describe extensive changes in the labour market. The challenges are

enormous, even and especially for the education systems of the future.

What skills or competencies should be encouraged?
C B F: Workers will have to reallocate to jobs and
tasks that are non-automatable, involving creativity
and/or social intelligence. In addition, some will have



AUTOMATION

Automation is the transfer of functions in the production process
from humans to artificial systems and equipment, made possible by
technological progress. The history of automation dates back to
antigquity. Heron of Alexandria described a door control in his
book on machines (Automata), in which a temple door was opened
with the help of fire. With the invention of the steam engine and
the advent of industrialization, more and more processes have been
automated. Meanwhile, goods are mostly made by machines, which has
shifted the tasks for people towards administration, planning,

and service. In the future, automation - at least in part - will

affect almost all professional fields and threaten millions of jobs.

to acquire technical skills to operate newly introduced
technology. The education system must therefore
promote creative, social, and technical skills.
Many people, especially those who work in optimistic Silicon Valley,
say that after a troubled period of transition in which jobs mostly dis-
appear, we will end up with more work in the digitized world than
there was before — as with all system changes in the past. You seem
sceptical about this.
C B F: They might be right, but it is important to
remember that transitions of the past did not take
place without friction. In cities like Detroit or Liver-
pool massive job losses have occurred, and many 20
have seen their living standards stagnate or even de-
cline. Now we are transitioning to a digital industry,
but even if an older worker continues to study and
acquire the requisite skills, the question still remains
as to whether a company will hire that person at all
or whether they will prefer a 22-year-old fresh from
university. We will certainly not experience an unem-
ployment rate in double-digits, but we will have to
prepare for dramatic changes.




BIG DATA

The term Big Data refers to large amounts of structured or un-
structured data as well as to their analysis and evaluation. The
global data volume has increased so much, due mainly to electronic
communications, that this information from social networks, search
engines, and large companies, for example from the financial
industry, the energy industry, or healthcare, can be used to ob-
tain economic benefits. As these data sets are too large to be
analysed with manual methods, they must be processed using spe-
cially developed methods, which only specialists are able to do.
For the average person, Big Data has become a common term that
generally refers to digital technologies and the social upheaval
associated with them. Since in many cases the people affected have
not agreed to the use of their data, Big Data is a challenge for

data protection.

On the other hand, many have lamented that technical assistance and
simplifications, with an app for almost every area of life, are leading to
a collective infantilization and a loss of self-responsibility. Many motor-
ists who have become accustomed to navigation devices now become
almost disoriented if their device stops working.
C B F : If that’s the case, then it is certainly not the
fault of technology. For example, you see these fami-
lies in restaurants where the children stare rigidly at
their smartphones rather than talking to each other.
Of course it’s the parents’ duty to ensure that their
children put down the phones. It’s up to us to use
21 technology in line with our values. If we don’t pay
enough attention to that, it may have undesired con-
sequences.

Interview by Andreas Schéfer
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The study by Frey, Osborne (2013) on the consequences of digitization
— cyber-physical systems, soft and mobile robotics, artificial intelli-
gence and the like — has triggered an intensive international discussion
on the future of employment. Of course, the debate on the substitution
of jobs by machinery or technology is anything but new and the au-
thors of this path-breaking contribution are well aware of this. At the
beginning of the industrialization era the invention of the automatic
weaving loom made thousands of specialized craftsmen jobless. The
triumphant advances of assembly line production after the turn from
the 19th to the 20th century meant an enormous rise in the efficiency
of production, increasing the productivity of relatively low-skilled
workers at the same time. By contrast, computerization of work pro-
cesses, the advances in information and communication technology,
programmable machine tools, and other automatization means that
became dominating since the 1980s favored the highly qualified work-
force and were thus a driving force behind the so-called skill-biased
technical change. All these developments in the past meant enormous
ground shifts in the quantity and the quality of labour required. The
same holds for the profound changes in the international division of
labour. Forty or fifty years ago, industries like textile production, coal
mining, or steel mills were providing sizable shares of workplaces in
the advanced countries and have now been reduced to sparse remain-
ders. That is to say that rapid structural change is not a phenomenon
that only occurred in recent days.
What we can learn from the past is:
— there is no such thing as secular aggregate mass unemployment
due to technology;
— there are always winners and losers (employees of different
qualifications and professions, firms, regions, industries);
— adjustment processes are typically painful and costly for the
persons and firms involved.



BLENDED LEARNING

Blended Learning describes an educational form, in which so-called
e-learning methods are used in addition to the traditional class-
room setting. By combining face-to-face learning and online
phases, the advantages of both methods are amplified. The aim is
to acquire knowledge more quickly, to comprehend relationships
more deeply, and to be able to apply what has been learned more
effectively. Therefore, blended learning as a method is considered
diametrically opposed to classic memorization. While this method
is already widely used in English-speaking countries, many

teachers are still sceptical about it in Germany.

To John Maynard Keynes who coined the term technological un-
employment in the early 1930s we owe two basic insights: first, tech-
nological unemployment occurs when »our discovery of means of econ-
omizing the use of labour [is] outrunning the pace at which we can
find new uses for labour«, and second, those firms, regions and coun-
tries » ... are suffering relatively which are not in the vanguard of
progress«. The point is simply that the technology leaders will obtain
a bigger share of the market. The higher product demand can well
overcompensate the fact that less labour is needed for producing a
single unit. Hence, although technologically advanced firms might
substitute labour by capital or technology, they could even increase
their employment at the same time. This fits to the fact that typically 24
firms that are pioneers of cyber-physical production systems are not
known for mass-layoffs but for expanding their workforce. Moreover,
recent studies seem to show that emerging countries might be affect-
ed much more than advanced countries. Automatization of all sorts
could reduce the share of labour in total costs and lead to re-shoring
phenomena because the advantage of proximity to the main markets
and fast response to market impulses might then outweigh the
advantage of low costs per working hour.

Hence, are digitization, robotics, and artificial intelligence from a
labour market point of view »nothing new under the sun«? No, that
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would be a severe misunderstanding. There are some indications that

the pace with which the changes occur in some exposed and

vulnerable fields of the economy — manufacturing and perhaps in the

future even more in disembodied services — is accelerating. Disruptive

changes and the winner-take-all dynamics should be of great concern.
The German situation

What is special with the German situation is the relatively high
share of manufacturing (automotive, machine tools, electrical engi-
neering, and chemicals). Medium-sized companies play an important
role not only as component suppliers but also as internationally active
producers dominating a specific niche in the world market (»hidden
champions<). On the one hand, recent developments of cyber-physical
systems like remote maintenance concepts, individualized mass pro-
duction, high-performance logistics, and intensified production/service
networks have a huge potential for these industries and mean a further
enhancement of their competitiveness. On the other hand, the related
requirements of agility in a quickly changing market environment,
flexible work organization, and the adjustment of skill requirements
pose enormous challenges. An asset of the German system of labour
relations in this respect can be seen in its strong ties of social partner-
ship. The organization of within-firm flexibility, for instance with re-
spect to working hours, is a model example and had its baptism of fire
in the Great Recession 2008/2009 (see Méller 2010). Insofar many
German firms are well prepared for the requirements of the era of
digitization. However, if the new era implies more disruptive processes,
i.e. the rapid rise and decline of firms, then the system shows its
weakness because between-firm flexibility is less developed in the Ger-
man system. Moreover, it can be asked whether the existing German
training system in its present form can meet the challenges of the new
era or if it has to be extended and complemented. This calls for a dif-
ferentiated view. Without any doubt the German system of dual train-

ing, an apprenticeship within a firm in combination with theoretical



learning at a public school, is on the whole a key institution with sig-
nificant merits for the initial skill formation of young workers. It pro-
vides a combination of firm-specific and general knowledge, and young
workers are generally up-to-date regarding professional knowledge
after having completed the training period. Broad evidence shows that
a sound training at labour market entrance is crucial for the worker’s
labour market career. Dual training is exemplary in this respect and
hence this cornerstone should be strengthened — if need be, partly
modernized — rather than weakened. The German educational system,
however, has some weaknesses when it comes to continuous profes-
sional development and the permeability between practical vocation-
al training and academic education. More recently, concepts of a dual
course of study offer a combination of these two spheres and can be
seen as a useful complement to the traditional system that meets the
requirements of the digitization era. Of course, leading firms in man-
ufacturing and services have established excellent in-house training.
Yet continuous professional development in the breadth is capable of
expansion.

Studies for Germany

There are several follow-up studies of Frey, Osborne (2013) for
countries outside the US. Typically these contributions simply take
over the substitutability risk indicators for the various professions
calculated by Frey and Osborne for the US. When applied to Germa-
ny, the outcome even exceeds the substitutability figures for the US.
This is simply a reflection of the relatively high share of employment
of manufacturing in the German economy, because the risk of substi-
tution of certain tasks through technology is comparably high in
manufacturing occupations.

The transfer of US data to other countries can be criticized as in-
adequate because the task content of different professions differs be-
tween countries or even within-country. Studies that are based on
country-specific substitutability risk indicators are more reliable
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CLOUD ROBOTICS

The term Cloud Robotics was coined in 2010 by James Kuffner and
constitutes a development of Network Robotics. While robots or
individual systems in Network Robotics still need to access the
stored knowledge of a network, here they draw all information from
the Internet. The information base is much more voluminous. Using
the cloud, a robot can upload and compare pictures, maps, or data
and is thus able to perform the tasks assigned to it quickly and
accurately. This way, robots are also able to adapt to new situations
by querying the appropriate comparative data and independently
drawing conclusions - they are capable of learning. Since large
parts of these processes take place in the cloud, i.e. they are
outsourced, the functionality of the machine increases without it

being necessarily larger or more expensive.

(Bonin et al. 2015; Dengler, Matthes 2015 a, b). Another important
point of departure is the underlying time horizon for the substitution
process. The pioneer study by Frey and Osborne looks at substitution
processes which according to experts are likely to occur in the coming
vears. By contrast, Dengler, Matthes (2015 a, b) and Buch et al. (20106)
in their studies for Germany consider tasks within a certain profession
that already can be substituted by digital technology today. Of course,
this has consequences for the results. According to the criterion used
by these authors, the share of employees working in professions where
more than 70 per cent of the task content is under a high risk of sub-
stitution is with 15 per cent markedly lower compared to approaches
27 using the Frey and Osborne indicators.

Dengler, Matthes (2015 a.b) and Buch et al. (2016) stress two fur-
ther important points. First, the task content of professions is not con-
stant over time. It adjusts to different needs and technology develop-
ments. Take the example of a chimney sweeper. In former times, his
or her main task was actually sweeping the chimney. Today this task
is secondary. In the first place, a chimney sweeper is an environmen-
tal technician who measures emission values, makes security checks
and, gives advice for more efficient energy use. This example shows
that if the main task within a profession becomes obsolete because of
the evolution of needs, technology, or other reasons, the task compo-



COLLABORATIVE WORK

According to the advocates of collaborative work, e-mail is
a slow death, at least in working contexts. Because for the

exchange, management of collaboratively drafted documents,

dying
rapid

or

uncomplicated distribution of workflows, e-mail is proving to be

too cumbersome; in addition, e-mails are sometimes lost. These

processes are more effective with tools for collaborative work.

These tools allow for centralized management of individual pro-

jects, a quick exchange via chat and video features, as well as

the involvement of all employees in all operations. The result:

better teamwork and increased quality - at least according

the proponents of collaborative work.

to

sition within the profession responds to new requirements. If this is so
then we should only in rare cases observe that professions (and the
corresponding jobs) disappear. Much more often, the professions
survive by adapting to new conditions.

Second, we observe that workers in the same industry can be ex-
posed to different risks of substitution. Not only the task composition
within the same profession, but also the composition of professions
within manufacturing industries varies across regions. The compari-
son between the federal states of Saarland and Bavaria is a striking
example. Both have roughly the same share of manufacturing workers
in total employment although the share of employees exposed to high
risk of substitution in Bavaria is five percentage points lower (about
15 vs 20 per cent, see Buch et al. 2016, p.3). A possible explanation is
that the state of progress in structural change varies from one region
to another.

Final remarks

All in all, we should be careful not to fuel unjustified fears of job
losses on a large scale. I am well aware that this is not the intention of
Frey and Osborne. However, the reception of the »47 per cent of jobs
at risk« in the media with headlines like »Robots — the arrival of the
job-destroyers« tends to scandalize and misses the main point. The
merits of the Frey and Osborne study lie in the fact that we can iden-
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tify certain tasks within a profession, a firm or an industry that are
exposed to a higher risk of substitution. Moreover, it is rather likely
that the tasks at risk are not only those manual and cognitive routine
jobs requiring low and intermediate skills but also those performed
by high skilled workers.

To what extent job losses materialize in all fields where technology
is able to substitute human labour remains an open question. Engi-
neers typically tend to overestimate the technical possibilities, and
there might be legal and economic hurdles or even preferences
standing against it.

It is rather likely, however, that need for adjustment is increasing
in the future. This is the case not only within professions and firms
but also between professions, firms, industries, and regions. This poses
a challenge for labour market policy as well as for the education, train-
ing and re-training system.
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Education is far too often left out of the debate on artificial intelligence
(AI) and automation, so educationalists must regain the initiative before
it is too late.

Take, for example, the article in Wikipedia on the application of AL
Education does not appear. Finance, transport, medicine, commerce,
military use, industry, games, yet not education. That is symptomatic
of the situation. But the debate could not be more important. It is about
how well education prepares young people to flourish in a society
pervaded by intelligent technology.

In the past industrialization, technology and automation have in-
creased productivity and, arguably, the quality of life. But with this new
wave — some say tsunami — of technological innovation and automation,
the future could be very different indeed. Thus educationalists, whose
task it is to plan for the future as they teach the young in the present,
cannot bury their heads in the sand as the waves approach. They need
to think ahead and, in doing so, take control of the agenda.

This article, which concentrates on education in schools, and aims to
provide practical suggestions based on a lifetime’s professional experience,
believes that school teachers have a very significant role to play and that
governments and school leaders must provide the professional development
and resources to assist them to live up to their vocation and responsibilities.

Teachers and their concerns

There is much to do. Technology is changing very quickly, so we
cannot simply wait until the next generation of teachers is ready. Cur-
rent teachers need to be supported, trained, and continually retrained.
To do so properly we need to understand their concerns and challenges.
In effect these fall into three broad categories.

Firstly they fear that their traditional authority, knowledge, and
wisdom will be replaced by super-intelligent machines which will make
them redundant, alter our economy and even engulf us as a species. And
when they hear from eminent academics such as Stephen Hawking that
Al could spell the end of the human race, their fears seem fully justified.



Other teachers are simply apprehensive. They are immigrants in the
world of digital technology, while their pupils are natives. They worry that
the teacher-pupil role is in danger of being reversed, and the best that
teachers can hope to become are assistants or child-minders, no longer the
authoritative transmitters of knowledge to the next generation.

And thirdly there are those who, through scholarly disdain for tech-
nology, insist on the superiority of traditional teaching methods, looking
only to the past and selling the future of their pupils short.

And yet recent studies by the OECD and from Australia might seem
to give some credence to this third group. In affluent schools too many
classrooms have become technologically rich but ineffectively so, these
studies argue. iPads and other devices have been handed out, and teach-
ers demoted to the role of »facilitators«. When they have tried to teach,
their pupils are texting, playing games, or plagiarizing from the Inter-
net. In these circumstances educational technology has become a dis-
traction, pupils have become lazy — while believing they are mastering
the skill of multi-tasking — and their learning has diminished together
with their powers of concentration.

Worse still, in wealthy societies at large, gadgets have become a fash-
ionable distraction. Take for example the artificially intelligent clothes
peg that warns you not to hang out the washing because it is likely to rain,
or the toothbrush that scores your attempts to clean your teeth and tells
you to do better next time. These are gimmicky solutions to non-problems,
which risk infantilizing the citizen body rather than educating it, making
us gadget-dependent rather than independent thinkers.

Then there is the ethical dimension. On the one hand the anxiety of
teachers, shared by parents, of the harmful effects of the misuse of the
Internet, enhanced by evermore powerful search engines, and on the
other what it is to be human in an increasingly machine driven age.

All the above is completely understandable and must be taken seri-
ously. However, the greatest danger is surely non-engagement by edu-

cators. The argument of this article is that teachers must embrace
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CONTENT SHARING

A form of e-learning, in which learning content is exchanged, e.g.
through commercial or free sites such as the "Centre for Teaching
Media on the Internet" (ZUM), in order to improve the quality of
transcripts or educational content and to make course material
freely accessible. Particularly in connection with the sharing
economy as an increasingly strong form of the future economy,
sharing should play a greater role in schools, according to some
educational researchers. Not only as a way to spread knowledge
effectively, but as a cultural technique that "leaves the pure com-
petitive spirit behind," as described by futurologist Willi
Schroll.

change and the opportunities Al offers, use it to empower their teaching
and to help their pupils excel — in their learning, in becoming informed
citizens, and responsible human beings.

Teaching stvles

So how can they do this and what form must education take? At
the end of the fifth century BC, Socrates tried to break the mould
through question and answer, encouraging higher-order thinking in his
pupils, getting them critically to examine traditions and preconceptions
and to consider the proper purpose of life.

But we all know what happened to Socrates. He was put to death
for being too revolutionary and upsetting the established order at a time

33 when Athenian democracy was under threat, and the lecture mode
where teachers transmitted their knowledge through instruction and
rote learning became the general norm in Western universities and
schools for the next 2500 years.

In another culture 100 years before Socrates, Confucius reasserted
hierarchical values in society with the teacher as the authoritative figure,
whose knowledge and views were unquestioned by pupils. These values
are still ingrained in the Eastern educational tradition.

This is of course a generalization. Many Western teachers use the
dialectic method effectively to engage their pupils; and there are Chi-
nese educators who emphasize the Confucian saying »I hear and [ for-



CREATIVITY

The term creativity refers to the ability of an individual to create
something new. It goes back to the Latin word "creare" meaning to
create, and i1s commonly associated with activities of creatively
gifted artists or artistically active people. However, every person
shapes from an early age on, by a creative exchange with their
environment, their world in some way. Therefore, every person has
everyday creativity. This includes fluid thought, association joy,
and the ability to change perspective and to push limits in a
controlled way. Although an exceptional giftedness in this area
seems to be a natural predisposition, a creative approach to problems

and gquestions can be trained.

get, | see and I remember, | do and I understand«. And we should all
remember that both Confucius and Socrates placed moral integrity
and the common good at the heart of their teaching.

Equally, when pupils of both cultures learn together, Western chil-
dren are often impressed by the powers of concentration and memory
of their Chinese counterparts, while the latter, in remarking on the
questioning by their Western fellow pupils, often also complain that
such interjections slow up learning in lectures given by truly inspira-
tional teachers. Yet by taking the best of both cultural traditions, a win-
ning learning fusion can be created: with pupils preparing thoroughly
in advance for each lesson and then asking focused questions during it
from an informed point of view. 34

I mention such traditional norms and cultural differences, since
in our modern interconnected world the aim of teaching must be to
transform the pupils of today, wherever they are taught and from
whatever background, into the morally responsible global citizens of
tomorrow, willing to think for themselves and to collaborate with each
other for both national and international public good and prosperity.

To succeed, teachers must now rethink education, combining the
best of the past methods of instruction with the best of the new, while
also understanding the learning styles of various cultures and back-
grounds and, indeed, of each of their pupils on a one-to-one basis. And
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they must be convinced that by embracing Al-powered educational
technology this great task and responsibility will be made easier not
more difficult.

Al is already here

In fact there is nothing new about Al — a term invented some 60
years ago — and it has incrementally filtered through into modern life
over this period almost without our noticing. This is true of education
as well, despite the Wikipedia article mentioned before.

Some ways in which Al is already embedded in educational
technology include:

— adaptive assessment tests where a pupil’s level of knowledge and
understanding is quickly recognized and then questions are
adapted to test his or her skills of thinking and application;

— objective and rapid marking and grading of exams; »intelligent
e-textbooks« with interactive annotations and quizzes to test un-
derstanding, where the teacher can see what has been read and
monitor the progress of each pupil;

— personalized learning, again with adaptive computer programs that
allow the pupil to learn by trial and error (which is often less intim-
idating than in a classroom situation) and build confidence through
automated feedback and repetition until the task is learned;

— and such »computer tutors« can then provide information for the
teacher about each pupil’s learning to enable really effective
personalized teaching and follow-up in the classroom;

— accumulated data is increasingly available on how different pupils learn
(girls and boys, children from diverse backgrounds and cultures);

— and the potential of children with learning difficulties can be
immeasurably advanced by assistive technology.

The list above is indicative rather than exhaustive. Teachers will al-
ready be aware of some points or even take them for granted, and there
is always great merit in considering ever more carefully how best they can

be used.



Looking ahead, some teachers are now experimenting with 3D
holographic computer programs. These are likely to be the next big
development, and it will be important to harness their use for educa-
tional purposes rather than simply for entertainment in theme parks.
These devices can transport pupils interactively to any part of the
world, on to the slopes of Everest or even onto the surface of Mars, en-
hancing their engagement — »I see and | remember, | do and I under-
stand« — and extending their understanding and experience. Even
more amazing is the technology that can transport holograms from
one location to another, which could enable subject experts, inspira-
tional speakers, or teacher-trainers to appear in any classroom or staff-
room anywhere in the world.

Blended Learning

The new educational approach, which I believe is most fit for pur-
pose for the modern age and which will serve teachers best, is that
known as »blended learning«. It has many advantages, which I shall
explain further below, for example:

— The best traditional pedagogical methods are combined with the
best use of educational technology, maximizing the value of both
and thus engaging rather than alienating educators.

— Teacher-pupil face-time in the classroom to be devoted to the devel-
opment of higher-order learning and critical analysis, for both
collaborative and personalized learning.

— Homework (the bugbear of pupils and parents) becomes engaging
and purposeful, building self-confidence and the skills of
independent thought and problem-solving.

— Classrooms do not need to be »technologically rich« but rather
»technologically effective«, both keeping I'T costs down and pupils
concentrated on their learning tasks.

— Some curriculum time is freed up for the encouragement of char-
acter building, such as empathy. resilience, perseverance, and for
pastoral and social welfare
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CRITICAL THINKING

Since the Enlightenment, critical thinking has been the essence
of education and study. In addition to knowledge and skills, the
learner should practice a critical approach to them. With the
beginning of globalization this assumption no longer seems to
apply — instead criteria such as professional relevance, efficiency,
and capability optimization have come to the fore. With the
challenges of digitization and the increase in available know-
ledge, however, awareness of the necessity for critical thinking
has made a comeback. "Critical thinking must be part of the class
schedule!", says New York philosophy professor Massimo Pigliucci.
It is necessary to enable learners to be able to find "the golden
nuggets" in the flood of information, to process it, and to draw

meaning from it.

The best book on the subject is that of the developers of this form
of learning (Michael B. Horn and Heather Staker, »Blended. Using
disruptive innovation to improve schools«, 2014 San Francisco). Var-
ious models of blended learning are outlined and discussed, which
schools are encouraged to select or modify to suit their own needs.

I still continue to observe lessons where a teacher claims to make
good use of I'T, but instead a power point is displayed with the teach-
er reading through it line by line. This is no improvement on the for-
mer classroom practice where the teacher writes everything on the
board and asks the pupils to copy it all down in their exercise books.
There is perhaps ten minutes of discussion at the end of the lesson and

37 then the homework is to learn everything off by heart for a test next
time. It is perhaps slightly better than the traditional lecture from the
teacher at the front of the class with five minutes for questions at the
end — but not much. Knowledge is transmitted, which is important,
but very little actual learning occurs in the lesson, and pupils do not
develop the skills of critical analysis or understand how to apply their
knowledge to new situations.

The blended approach includes the notion of the »flipped class-
roomc. In this sense pupils prepare, in their own time at home or dur-
ing time set aside for private study in school, for the next face-to-face
lesson with the teacher. At Westminster as in many other traditional



DISRUPTIVE TECHNOLOGY

A Disruptive Technology is like a needle in a haystack that entre-
preneurs and start-uppers are frantically looking for. It usually
arises in a niche area, unnoticed by established providers,
because at first glance new technology has mostly disadvantages
compared with an established product. But when additional criteria
are included, it has so many advantages that the disadvantages
soon stop being an issue and the new technology partially or
completely replaces existing products or services on the market.
Example: digital photography. At the outset, its poor resolution
seemed to offer only disadvantages compared to small-format
photography. But the low cost of image formation and the possibil-
ity of immediate processing triggered a boom in digital photogra-

phy, and analogue photography today is only for enthusiasts.

English schools homework has always been called »prep« (i.e. prepa-
ration), the concept being that pupils arrive at the next class having
researched new material and syllabus content so as to make the most
of class discussion. In the flipped classroom of blended learning this
prior research is often enhanced and made even more effective by the
use of interactive educational technology. So this is a clear example of
using the best of the traditional with the best of the new.

To give one example, a teacher might ask their pupils to read a
new section of an Al-powered e-text book, to which is added a video-
clip, some annotated comments by the teacher together with an
engaging quiz to test comprehension. The teacher is able to see just
how many pages each pupil has read (or how many times the pupil 38
has read them), and the quiz will show what was straightforward or
difficult. All this is seen by the teacher electronically before the next
lesson so that they are prepared to make the very most of the face-to-
face time of the following lesson in order to advance the learning of
each child.

Other examples are adaptive computer programs that enable pu-
pils to master the basic content, for example of certain language rules
of grammar and syntax, and then to enrich understanding with ever
more interesting and complex material appropriate to a pupil’s indi-
vidual experience and ability. This is done in the flipped classroom at
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each child’s own speed, the program adapting and reinforcing the
learning and building confidence. Again the teacher can see what has
been easy or more complex. The same general process can be used for
the mastery and extension of mathematical or scientific content.

Parents, using the parent portal of the school learning system, are
also able to see what their children are learning and with what success.

This is not the world of Big Brother and 1984! The trusting teach-
er-pupil relationship and the bond between parent and child have al-
ways been essential to the encouragement of learning, of aspiration
and ambition; and the flipped classroom, assisted by educational tech-
nology, can make this ever more effective. The child is able to work at
their own rate, building self-confidence as subject content is mastered
and gaining the skills of independent research as new subjects are ex-
plored in advance of the next lesson. And that exploration must be
encouraged. The flipped classroom, while in part to assist both pupil
and teacher develop a really effective form of personalized learning,
opens up a liberating world of independent research possibilities as
both knowledge and learning power increase.

The valuable face-to-face classroom time is not then wasted with
repetition, copying notes from the board, or listening to a lecture with
only five minutes at the end for questions. Instead the pupil arrives
prepared for each lesson and is immediately engaged in discussion or
written exercises, both on an individual and collaborative basis, designed
for the advancement of learning. Again teachers need to think very
carefully about how to enable such deeper learning. It requires a great
deal of planning. It is not just a question of pace of teaching. It is a
question of pace and quality of learning, the development of analyti-
cal, creative higher-order thinking skills. AT and blended learning do
not make the teacher’s work any easier, but they do make it more
effective and rewarding.

In this building of a child’s self-confidence and liberation of their
potential, assisted by educational technology, it is important, as



throughout history, that the teacher authoritatively guides the
learning. If pupils are texting and playing computer games in class
unseen by the teacher, then the technology becomes a distraction and
learning retreats. Worse still, pupils become dependent on their de-
vices and gimmicky applications, with the risk of turning into a
dumbed-down citizen body in the future. Fortunately the software
now exists which allows the teacher to turn on and off pupil devices
and to start up the research programs appropriate to the task in hand
at the right moment. This is an example of the sort of Al-assisted tech-
nology that educators, once they have begun to take control of the
agenda, have been able to demand of programmers. And there must
be and will be more.

School budgets are tight, so the cost of technology is always an
issue. Too much money has been wasted by schools keen to be at the
cutting edge of technology without a coherent educational approach
of how best to employ it; and devices end up being little used or even
discarded. A benefit of the blended learning approach is its cost effec-
tiveness. Classrooms need to be wireless and equipped but not overly
»technologically rich«, since the face-to-face time with the teacher
concentrates strongly on interpersonal interaction.

Moreover, as the cost of mobile devices decreases, the use of educa-
tional technology as described in this paper has another potentially
enormous benefit — namely the educational empowerment and increased
social mobility of pupils from all backgrounds in both developed and
emerging economies. Take Kenya as an example of the latter. In Nairo-
bi pre-industrial labouring jobs are everywhere to be seen, but so is the
rapid adoption of technology. With more and more of the population
owning smartphones and turning to entrepreneurial e-commerce,
Nairobi has earned itself the title of »Silicon Savannah«, enabling it to
vault into the third machine age in one go; and this growing digital
literacy can now be harnessed also for Kenyan education as a whole.
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EMPATHY

Empathy refers to the ability to perceive and understand the
experiences of others. This also includes the response to the
feelings of others through compassion, sadness, or pain and
sorrow. Empathy is a basic human characteristic, a prerequisite
for moral behaviour and social interaction, and is already observ-
able in infants. So-called mirror neurons are responsible for the
development of empathy. The significance of mirror neurons is that
they have the same excitation pattern upon observation of an ac-
tion as during implementation of that action, resulting in an in-

tuitive emotional attachment to what is observed.

While the new wave of Al will surely have a profound impact on
society and many tasks carried out by women and men will become
automated in the future, teachers will not be replaced by robots. More
of the teaching and learning tasks will doubtless be automated by in-
creasingly intelligent machines, but by no means all. But this will be
for the benefit of both learner and teacher. Pupils will become ever
more self-reliant and confident, using Al to assist them whatever their
learning needs, backgrounds, or cultures, while teachers will have more
time to concentrate their knowledge and wisdom on cultivating
thought in their charges and developing character. Put simply they
will teach their pupils to excel as human beings.

41 Character development

The greater time available for the learning process through the
use of blended learning and Al can create space for the character men-
toring and development central to both the Confucian and Socratic
educational approaches. Such life-coaching can cultivate the personal
qualities of empathy, courage, optimism, grit, and resilience, both for
private and public fulfillment, which are as much in need today as
they were then — perhaps more so. We read much today about concern
for the mental health of young people. so this kind of life-skills teach-
ing is no longer an add-on, but should be embedded — under the blend-
ed approach —in the curriculum (see further below). Nor should char-



FLIPPED CLASSROOM

A method of Blended Learning. The traditional division of infor-
mation sharing and homework is reversed: students master the
learning content at home before class. In school, the material they
have prepared is then applied and elaborated on. Preparation of

the material is done mainly at home using video seguences made
available by teachers. In case of difficulties or questions,
students can communicate with teachers via chat or other online
channels. The advantage of Flipped Classrooms is that students
control their own pace and teachers can better coach their
students in the classroom. Drawbacks include, inter alia, the high

effort for the teachers.

acter development be considered separate from intellectual development
but rather essential to it, since it provides robust scaffolding for both
thinking skills and knowledge, combining to build the confidence and
well-being to help each child flourish.

Parents are to be loved by their children, as Aristotle said, because
they give them life, but teachers are to be praised more since they
teach them the good life. What that good life entails is beyond the
subject of this paper, but I do sense that young people across the world
are turning again to community, national, and global issues and away
from the self-centred, indulgent, lifestyles with which they are often
associated. They are deserting the narcissism of Generation Y for the
aspirations of Generation Zero — the generation with the knowledge, 42
skills, and motivation to reduce to zero the threats from pandemic
illnesses, poverty, climate change, and conflict.

Solutions to these and other issues do not come with instructions.
Teachers need to equip their pupils to become problem-solvers, what
might be called »knowing what to do when you don’t know what to do«.
No longer can we get away with teaching pupils how to give the right
answers to closed questions. Instead they must learn to think beyond
the obvious questions and to come up with new approaches.

This demands a new way of teaching and learning — not (as so of-
ten throughout human history) directed towards maintaining the tra-
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ditions of the past, the hierarchies of the status of quo, and the current
balances of power but to enable people continually throughout life to
update their knowledge and thinking skills to become leaders them-
selves or, at least, to become informed members of a globally aware
democratic society and to hold their leaders accountable.

This will require confident, knowledgeable teachers who continu-
ously keep abreast of developments in their own subjects and alive to
the needs of young people — the development of their intellect, char-
acter and moral outlook. To do this they will need to be digitally and
technologically literate. That is no longer an option; and [ believe that
blended learning techniques offer a welcome way forward. So this is
the time for teachers to rediscover their vocation and reignite their
passion for education. It is also the time for governments and school
leaders to value them, resource them and provide the necessary time
and commitment to their professional development.

Curriculum

What then should the 21st century curriculum look like? What of
its content and what knowledge and skills should it seek to impart? It
is beyond the scope of this paper to provide any extended discussion,
so I shall limit myself to some indicative suggestions.

Traditionally schools have taught core competencies such as read-
ing, writing, and arithmetic. Artificially intelligent machines have
already surpassed humans in reading and arithmetic and are quick-
ly catching up with writing. If machines can already defeat World
Masters of Chess and Go, many have begun to argue that what we now
need to teach in schools is EQ instead of 10Q).

This is a false dichotomy. We need to teach both skills, and the
blended approach allows time in the curriculum. Teaching them to-
gether is the recipe for developing higher-order thinking skills, as
mentioned above. This is where a carefully devised life-skills pro-
gramme is essential, but all subjects need to be taught in a way that
enhances both individual learning and thinking of others.



INDUSTRY 4.0

Term from a project by the same name of the Research Union of the
German Federal Republic’s government on its high-tech strategy.
"Driven by the Internet, the real and virtual world are growing
together into an Internet of things," it says on the website of
the Federal Ministry of Education and Research. The project aims
at promoting the interconnection of industrial production and
"state of the art information and communication technology". In
brief: Industry 4.0 refers to the digitization of industry, which
encompasses the development of new business models and the

optimization of production and logistics.

Likewise with self-confidence. While the personalized teaching
increasingly enabled by educational technology should help each pupil
to build his or her own confidence in all subjects, time for the discus-
sion of life skills with their teachers who understand the issues facing
young people will help to create the self-aware, resilient, and optimis-
tic generations of the future. Another practical suggestion is a public
speaking course for every child from a young age. This assists im-
measurably with confidence and also emphasizes that face-to-face
communication must still remain an essential human skill in a world
that must work together.

Traditionally also pupils have tended to study by themselves. This
is still important in the sense that all need to learn personal self-reli- 44
ance and resilience, but it is not enough. In an interconnected world,
where issues are complicated and multi-faceted, collaborators with
diverse skills working in teams, complementing each other, provide
the best solutions. Likewise within the taught curriculum, subject
specialist teachers need to share their awareness with their pupils of
how and where areas of expertise overlap with that of other colleagues.
For it is often at the vertices where disciplines meet that discoveries
and breakthroughs are made. So the skills of collaboration need to be
cultivated and taught: they do not just happen. Both independent and
interdependent thinking must be encouraged.
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Next I would add creativity. This is not a skill to be limited to the
performing and expressive arts. It can be learned there but then has
to be transferred to other areas of the curriculum. There should be
just as much creativity applied to mathematics as to music. And |
would add that digital technologies offer great potential for the
development of creativity and imagination.

In terms of curriculum content, there are those who argue that,
since knowledge is constantly being updated on the one hand and, on
the other, is easily available via a voiced question to our iPhone’s
Al-powered Siri or its equivalent, there is little point in learning
anything.

Thus we recently went through a period in the UK where the De-
partment for Education was renamed the Department for Skills. The
reason given was that, in the age of the Internet, where all knowledge
was only a click away, pupils did not need knowledge. They only need-
ed to know where to find it. Teachers were called facilitators. And this
was known as progressive education.

The new argument is now that, since artificially intelligent ma-
chines will know everything, humans will again require only skills —
the sort of skills that differentiate us from robots.

This needs to be resisted. Critical thinking skills cannot be de-
veloped in a knowledge-vacuum. We must still absorb information
(e.g. through the flipped classroom) and, with the guidance of author-
itative teachers, turn that into knowledge. As pupils gain the founda-
tions of knowledge they can then be taught skills of analysis and how
to solve higher-order problems. Educated in this way, they will be
able to discern what information is relevant and what is not, building
layers of knowledge throughout life and the ability to make sound
judgments.

And even if we do arrive at a point where much routine work is
performed by computers, knowledge acquisition by humans will still
matter — less, perhaps, for the economy, but certainly for the proper



functioning of a democratic society where discussion by an educated
and informed electorate will be evermore important.

We have rightly concentrated on STEM subjects in recent years.
Sir Tim Berners-Lee, best known as the inventor of the World Wide
Web and now professor at MIT’s Computer Science and Artificial In-
telligence Laboratory argues that children should not just use com-
puters to enhance their learning power but should also be taught how
they work. Digital literacy for the future should include an under-
standing of not only what is on the screen but what is behind it. A fu-
ture functioning democratic society must be digitally enabled not dig-
itally dependent. Thus Computer Science must be included in the core
curriculum.

That said, we must equally ensure that STEAM not STEM lies at
the heart of the curriculum. The A (for Art) is short-hand for both
creative subjects and the Humanities in general. We must not return
to C.P. Snow’s separate »two cultures«. Both must be embedded with-
in the core curriculum and intertwined, for the development of crea-
tivity across the spectrum of subjects, as mentioned above, and also
for the creation of a balanced and civilized society.
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INFANTILIZATION

In November 2012, the journalist Edo Reents published an article
in the Frankfurter Allgemeine Zeitung on "the infantile society"
under the headline "People Becoming Children". He accuses digiti-
zation of a deep-rooted "general infantilism". "The Google logo
speaks volumes in its colourfulness and signals a childlike inno-
cence (..) that distracts us from the business interests of the
company. Devices make us too disjointed and often rude to people.
Even conservative people who are called on their mobile phone
while sitting at the dining table often no longer find it necessa-
ry to step away for the duration of the call (...). Playing while
eating has become completely normal, and the idea that everything
has its time and place no longer seems to apply. There are literally

no discrete areas of life anymore."
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Digital equipment in schools has its appeal. And all the more so when
the school is in an underprivileged area. Where in other schools plaster
is crumbling from the walls, where rain may be leaking through the
roof, gyms have been left to decay since their construction, and a rest-
room sign is more a fanciful alibi than reality. But the Quinoa School
is different: of course, after a year of operation with 52 seventh and
eighth grade students our classrooms no longer look as if they are
straight out of a magazine, but compared to most other Berlin schools
we have it pretty good. The building had been renovated extensively
by our landlord before we moved in, and the classrooms are equipped
with modern facilities. Most students know intuitively how to use the
smart boards on the walls. Does the device need to be calibrated? This
message brings anxious beads of sweat to teachers’ foreheads, but
Marc and Samira are immediately on it and save the lesson with a few
skilful clicks. Next door in the computer room, a group of students
volunteer to spend their break brushing up on their English skills us-
ing their smartphones and learning apps — with the old textbook and
vocabulary list method, the level of interest probably would not have
been half as high.

Nevertheless — the experience of our school in working with dis-
advantaged adolescents and their families in Berlin’s Wedding quarter
has shown us that digitization of the classroom is not a sufficient re-
sponse to the fact that a family’s socioeconomic background continues
to have a greater influence on educational success in Germany than
in almost any other country in the OECD. But we do not want to get
lost in an education-policy debate, rather our goal is to describe what
we are facing here in Berlin-Wedding every day: we see socioeconom-
ically weak families with partially neglected and overburdened chil-
dren. Some of them act like young adults: they get up independently
in the morning; if there is something in the fridge, they make them-
selves a sandwich. If not, we offer them cereal and fruit before class

because you cannot learn on an empty stomach. By contrast, others



MASSIVE OPEN ONLINE COURSES

Massive open online courses (MOOC) refers to free online courses,
offered by universities, that anyone can log onto with unrestricted
access. The term was used for the first time in 2008, when George
Siemens and Stephen Downes offered a course at the University

of Manitoba on the Internet - 2300 participants took part. The
phenomenon received more hype when Sebastian Thrun offered a
course on Artificial Intelligence at the University of Stanford

in 2011. Around 160 000 people signed up, of which 23 000 completed
the online offering successfully. In Germany, MOOCs are offered for
example by the Hasso Plattner Institute on the platform openHPI.

It was first assumed that MOOCs would be used by people who had
no other access to education. This assumption has not been con-
firmed: most participants already have a degree and participate

in an MOOC as additional training.

are used to having their way at home like little princes and respond
with incomprehension when they get serious feedback at school. Many
of them have to act as translators and interpreters for their parents at
the social services departments or at the doctor; the traditional roles
within the family are reversed and turned upside down.

Such young people find it difficult to enter into relationships with
other people. They are initially suspicious of strangers, whether they
meet them at school or in another context. They are accustomed to
consuming media during the day and have shifted their social life in-
to the digital world. I like? Thumbs up! Dislike? Simply »close«, and
the airwaves are interposed as a digital barrier. But they also act and
react this way in the analogue reality. In addition, they have very short 50
attention and concentration spans, often no longer than a seven-minute
tutorial on YouTube.

So what is our approach to make a difference here? In our school
we are convinced that pupils will only be successful if they learn that
there is an adult offering them support and orientation. For this
reason, our educational approach is based on, amongst other things,
building deep and lasting relationships. So for example, once a week
each student meets with a teacher for tutoring. Before they can dis-
cuss curricular objectives and the necessary steps to reach them, in
many cases it is necessary to first do some »tidying up« of private
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matters. Because if chaos reigns in the mind, there is usually no space
for a polite »please« and »thank youx, let alone for Mathematics or
German.

In addition to the tutoring, we offer our young people a friendly
support structure on which they can rely entirely. Many of them have
been accustomed since elementary school to the devastating phrase,
»You'll never amount to anything!l« When you connect this impudence
with the grim statistic that one in three young people drop out of high
school in Berlin-Wedding every year, one might be inclined to blame
students for their own failure. As the saying goes, constant dripping
wears away a stone, and so young people begin to believe this devas-
tating sentence. It is a mammoth task to break down the retracted
and distorted self-images that students have. This can only be
achieved by reminding them time and again of the high expectations
we have of them, that it is not enough to just regurgitate the basics.
Yes, the way to a self-determined future is not the easiest. but they
can and will succeed. Ali is not dumber than Anton, and Flora is not
smarter than Fadime. The point is that you have to show young peo-
ple that they can do it, just like Anton and Flora. They need to know
that there is someone who believes in them and their talents. They
have to experience honest appreciation that recognizes their personal
and sometimes difficult living conditions, but does not confuse that
with pity. They need to know that they all make a valuable contribu-
tion to a democratic society and thus are an essential part of our
community.

It would be naive to argue that this simply works and we never
encounter setbacks. But we are on the right track, and that motivates
us going forward. We are encouraged when the refugee Nabil, who has
been in Germany for only three years, proudly announces in his
speech to the Future Congress of the Federal Ministry of the Interior:
»I am Nabil. I'm 13 years old. I come from the Quinoa School in Wed-

dine. And I'm goine to be a doctor.«
g gomg



We cannot afford to write off a whole generation of young people.
That app can not just be erased, or the whole system will break down.
No robot or artificial intelligence can give us that. We need educators
who are thoroughly human.

The Quinoa School was founded in 2014. It is named after a South
American grain that is energy-rich and nutritious, but offen under-
estimated — as are educationally disadvantaged young people. A
total of 78 students are learning at the private secondary school
(grades 7 to 10) in Berlin-Wedding. About 80 per cent speak Ger-
man in addition fo another language at home.

Very few families pay school fees, which are oriented to the low
fees for public kindergardens in Berlin. Most families are exempt
from school fees. The school is funded by public money as well as
grants and student sponsorships from foundations, businesses, and
individuals. From the beginning, the Vodafone Foundation Germany
has been one of the school’s main sponsors. With a teaching style
that focuses on appreciation, reliability, and faith in the talents of
the students, Quinoa hopes to help disadvantaged young people
obtain a successful education.




MOORE'S LAW

Rule of thumb and self-fulfilling prophecy, which dates back to
the Intel engineer Gordon Moore. In the sixties, Moore predicted
that the number of transistors on an integrated circuit would
double every two years. The rule, according to which the perfor-
mance of computer chips would also double every two years, has
been correct for nearly a half a century: from large-scale main-
frames, computers have shrunk from refrigerator to PC-size, down
to the dimensions of a smartphone. Strictly speaking, the law will
not apply much longer, as chip manufacturers will eventually
encounter physical limits in terms of miniaturization. By 2020
transistors will already consist only of just a few atoms. Never-
theless, the computer industry is trying to maintain the same
conventional rhythm by equipping devices with more and more

functions.
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How does something new

come info the world?

A discussion with knowledge
entrepreneur Stephan Gutzeit

on incremental innovations, radical
breakthroughs and the question
whether creativity can be taught

Stephan Gutzeit is a serial innovator project will be a philanthropic founda-

who builds organizations around new tion modelled on the Bauhaus and de-
ideas, working with creative entrepre- voted to he|ping creative chonge-mckers
neurs as well as philanthropists and achieve what he calls deep »innovation«.
foundations. He completed his studies He is currently on academic sabbatical
in Chemistry and Philosophy at Stanford  at the University of Oxford, where he is
and Harvard. Gutzeit was the lead writing a mid-career dissertation on
founder of the first liberal arts college in  deep innovation and teaches philosophy
Europe, among other ground-breaking of Social Science, Philosophy of Eco-

organizations he has founded. His next nomics, and other subjects.
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After studying philosophy and chemistry you worked as a manage-
ment consultant and helped establish the first European liberal arts
college. For decades, you've been active at the interface of academia
and entrepreneurship and you describe yourself as a knowledge
entrepreneur. What does that mean exactly?

S G : A knowledge entrepreneur is someone who ad-

vances innovation in or around academia, and I mean
innovation in the narrow sense. It is not about incre-
mental improvements, which is the responsibility of
managers, but an attempt to start something com-
pletely new. Innovation is much more than a good idea.
It’s the combination of a new idea and its implemen-
tation. One might say that coming up with ideas is
hard enough. But the real art is pushing them through.
Why do we need innovation?
S G : Every society needs innovation to evolve. Of

course you also need tradition and gradual accumula-
tion. A society in which everyone were an innovator
would be unstable. Conversely, a social system would
stagnate without innovation. There’s an interplay: one
must preserve what is valuable in existing things and
improve those by fine-tuning them. On the other hand
you also need breakthroughs and radical renewal. The
paradox is that the circumstances which foster the re-
fining are a hindrance when it comes to fresh thinking.
In the German innovation system, the focus since the
Second World War has been to improve what already
exists. The push for radical renewal, however, was less
pronounced, and so a certain imbalance arose. This af-
fects not only universities, but also businesses and re-
search-based institutions such as the Fraunhofer-
Gesellschaft and the Helmholtz Association.



POLARIZATION OF THE LABOUR MARKET

Many economists are predicting that digitization will increase
polarization of the labour market. The automation of routine
activities will cause substantial job losses in the middle class -
such as skilled workers and assistants. Since computerization is
resulting in higher employee requirements, e.g. in the IT industry,
this will cause an increase in the employment of highly qualified
workers. Employees without a university degree in particular

will be slipping from the middle class, but as there will be a
higher demand in the services market, new jobs will be created,
even 1f they are in the low-wage sector. Polarization can be
attenuated through education and training systems that offer people
higher levels of qualification, so that more of them can engage

in challenging activities.

Can you give an example?
S G : Take Thomas Siidhof at Stanford, the 2013
Nobel Laureate in Physiology or Medicine. The Max

Planck Society had scared him away, but once he had
received the Nobel Prize, German science functionar-
ies scrambled to get him back. In a grandiose press
statement they declared success, and Stidhof felt com-
pelled to clarify in an interview that he »returns« only
as a visitor for a few days a year. With his »iconoclastic
temperaments, as he put it, he’s better off at Stanford.
But the attitude of an iconoclast is exactly what you
need for breakthroughs. Or think of something seem- 56
ingly mundane like household appliances: Miele
advertises with the claim »Forever Better«, and indeed
the best conventional vacuum cleaners and washing
machines in the world come out of Giitersloh. But the
first bagless vacuum cleaner was built in England, by
Dyson, and the first dry washing machine too,
made by Xeros. I could spend hours enumerating
further examples.

In principle the Germans are able to do radical inno-
vation, too; or at least they were in the 19th century.




In 1810 the Prussian state was nearly broken, so a
creative thinker by the name of Humboldt was given
free reign by the king to reorganize the grammar
schools and higher education. He broke with scholas-
tic rigidities at German universities by restoring basic
educational principles from Greek and Roman antiq-
uity. He renewed a system that had become entirely
self-referential by renewing something old.
Something similar happened at the end of the »long«
19th century when the Bauhaus was founded in Wei-
mar in 1919. The war had dissolved the old structures.
Walter Gropius was charged with merging two institu-
tions, and he had an unusual amount of freedom be-
cause the social structures that might have slowed him
down were broken. He built the Bauhaus on a human-
istic basis, just like Humboldt had done with the uni-
versity and the grammar school. His watchword was
this: the machine age may seem daunting, but we can
humanize and subjugate machines. We should neither
reject them nor capitulate to them, but design them to
serve our needs. Of course, the Bauhaus was always a
minority affair. But Germany today has nothing like
that at all. That strikes me particularly when I look to
Germany from the creative academic culture that
flourishes in Oxford.

But there is research and development taking place in Germany. Ber-

lin is currently the world capital of start-ups. So what’s the problem?
S G : Of course. They're trying, but not succeeding.

The problem is the bureaucratic and politicking men-
tality of the people in charge and also the wrong meth-
ods. In Germany people try to achieve new things
through public relations or standardized processes. The



Germans are in love with processes! But processes are
only useful if you don’t need to change anything essen-
tial. In academia, the best example of this combination
of administrative processes and PR is the so-called
»Excellence Initiative«. In business, you can take as ex-
amples the Samwer brothers and Rocket Internet in
Berlin: they have highly efficient, standardized process-
es for copying business ideas from the United States.
Plus self-marketing at its finest. But for the other kind
of innovation it is all about finding the right people and
building real substance ...

... let’s focus on processes a bit more. You say processes don’t bring any-

thing new to light. Why not?
S G : I have to go back a bit. There is widespread
dissatisfaction today with the fact that although a lot

is happening that is superficially new, fundamental
human problems are hardly addressed any more. In
the fifties, sixties, and seventies we had more tech-
nological innovation than today, where most novel-
ties serve only entertainment purposes. The goal to-
day is to invent new gadgets that people will buy,
regardless of whether these gadgets significantly im-
prove people’s lives. Against this tendency, there are
several countermovements, social entrepreneurship
for example. In principle, this is commendable, of
course. How can we promote entrepreneurs who are
working for society? Some fight malnutrition and
disease, others help drug addicts. But equally well
yvou might help people with technology! Another
trend is so-called Design Thinking. This is an at-
tempt to bring more creativity to businesses, and it
goes back to Alex Osborn’s book »Applied Imagina-
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tion« from the 50s: group thinking and brainstorm-
ing. At first | thought this was worthwhile, because
the basic intention was good. But this movement mis-
takenly assumes that processes help everyone be-
come creative and innovative. But that does not work.
Discontinuities are produced by productively non-
conformist individuals!
What kind of method could produce new things?

S G : It's not about any method. It’s about finding the
people who are able to do new things. And then you

offer those people customized help to realize their ide-
as. Success depends crucially on the right people. But
such people are rare, and functionaries or corporate
types find them hard to deal with, because a creative
is the opposite of a politician.
In this workshop the central question is how education systems should
respond to the challenge of digitization. You don’t consider group work
and processes effective. Is creativity not productive for everyone? Can’t
a person’s curiosity and the impulse to develop something new be
stimulated and promoted?
S G : I've always admired the Oxford tutorial system

and now teach like that myself. It’s about promoting
the creativity of students in a Socratic way. But that is
a habit of mind, not a process. Of course we're all cre-
ative, to a certain degree. But I don’t think much of
creativity techniques that supposedly enable break-
throughs. In the spirit of this workshop, it’s much more
important to promote personal creativity wherever it
manifests itself. In elementary or high school. One
shouldn’t take formal career paths too seriously. Many
of the most creative entrepreneurs — Steve Jobs or Bill
Gates — have been college dropouts. Especially in a



country like Germany, where people share a religious
belief in certificates, you should be more open to
creativity, with or without a diploma.

So innovation and creativity can’t be encouraged?
S G : I think it’s a fantasy to believe that everyone

can become super creative. Exceptional creativity
is a matter of predisposition. Of course, people need
help and support at all levels. In addition, I think
if we encourage those who are particularly creative,
they will do more for society in return. It’s a kind
of social contract. We don’t expect music academies
to open their doors to everyone. If they did, sooner
or later they would wither. You can’t teach creativ-
ity, the Bauhaus rightly held. But you can and
should make a toolbox available that is useful and
helpful for creative minds.

You've spoken of radical novelties and discontinuities. But what would

such a technical innovation look like today? What do you mean by

technical progress that truly serves man?

S G : Compare an app that counts calories with the

transition from propeller aircraft to jet planes, and
you'll realize that innovation has a completely different
dimension than what we now consider innovative. If
you want a more concrete explanation, I can only
paraphrase Karl Popper: If one could foresee an inno-
vation, it wouldn’t be innovative any more. Now, what
could such a radical breakthrough be? Perhaps an in-
vention that makes travelling both more energy efficient
and significantly faster as well as more comfortable
through some new functional mechanism that I can’t

yet necessarily identify.



ROBOTS

Even in ancient times, clever minds were thinking about machines;
in the early 13th century an Arab engineer designed sophisticated
hand-washing machines and humanoids. The first functioning
machine was a flute-playing machine, which Jacques de Vaucanson
constructed in 1737/38. The term robot was introduced in 1920 by
the writer Karal Capek for humanoid machines. Since the indust-
rial robot was introduced in 1960, development has gone ahead
rapidly. Today, robots land on Mars, move around (as play figures)
in childrens’ rooms, can mow the lawn and have taken over many
tasks previously carried out through human activities. They are
the subject of divergent points of view: while some set great
hope in robots, others see them as a terrifying spectre of the

future.

Your hopes for innovation lie entirely with the creative entrepreneur
working as and like a designer. What exactly do you mean?
S G : Designers simultaneously look at economic, aes-

thetic, and cultural dimensions of a problem and arbi-
trate among them. They must consider all aspects of a
design problem, and their mutual connections and re-
lationships. That has a lot to do with vision. The most
important thing is to look at things afresh, beyond
conventional schemas. Few people are capable of this
because it requires special endowments. It also requires
61 a strong character: you have to go against your entire
environment! And creative entrepreneurs are people

who found new institutions around fresh ideas.
You are currently preparing a new organization in the spirit of the
Bauhaus. How will this institution or establishment distinguish itself
from conventional universities? Will it have to be located virtually on
the Internet? Will there be such a thing as conventional teaching?
S G : No, not virtually. It must of course have a com-

mon space, a house where people meet and live
together. The key factor is that you start by formulating
a problem, rather than with openended basic research.



SELF-DRIVING CARS

The vision of many car manufacturers and companies in the IT
industry who want to bring completely self-driving cars on the
market within the next five years. Currently, self-driving cars
exist only as prototypes, but Allianz Insurance announced in 2015
that they will soon offer insurance for autonomous vehicles. In
Germany, reservations are still considerable, especially after a
partially self-driving electric car from the company Tesla caused
a fatal accident in July 2016. If self-driving cars prevail in the
coming decades, experts estimate that up to 10 million jobs in

transport will be in danger.

Take Edwin Land for example, the inventor of the Po-
laroid camera. He wanted to revolutionize photography
by radically reinventing the development process. First,
the challenge was designed by artistic people, often art
history graduates. Once the technical problems had
emerged as well-defined, he borrowed professors from
Harvard and MIT, who worked alongside his perma-
nent staff to fill the gaps in the requisite basic and ap-
plied research. And Land had an organizational
approach that he called »sun and satellite«: for each
problem, one person took the lead and the others
assisted them. As the question changed, the roles 62
changed. The sun became a satellite and vice versa. |
would call it a framework culture: flexible, passionate,
and always focused on the problem at hand, not on pol-
itics. One must be allowed to upset received ideas and
conventional minds.

And how big would this institution have to be? How many employees

would it have?
S G : There would be perhaps 30 full-time employees.
But beyond them there would be a network of about
300 people to draw on ad hoc.
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Sounds like an ideal art school, extended to other fields beyond art.
S G : Exactly! An experimental studio for artists

outside of art!

Interview by Andreas Schéfer
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In Florian Illies” book »1913«, neurasthenia, a pathological, nervous
restlessness becomes the mood of the time. This restlessness is fuelled,
among other things, by the still inexact sense of slight trembling that
heralds an approaching earthquake. Today, on the other hand, a fe-
verishly nervous excitement builds up around anything that makes
reference to the concept of digital transformation. This can mean
phantasies of technological salvation in which »digital« represents the
infinite expansion of human possibility. But it can also mean gloomy
dystopias of unstoppable machine domination in which humans are
robbed, first of their jobs and then of their self-determination. Many
oscillate ambivalently, undecided between these two poles. And then
there are the few — equally nervous — who think they can hide from
the digital reality and the alleged dangers of digital dementedness by
burying their heads in the sand.

What they all have in common is the ability to sense the impend-
ing earthquake, a change that is more powerful than the mere linear
unfolding of technological progress. In this volume, Carl Benedikt
Frey’s contribution refers to the force of potential changes on the la-
bour market of the future. And even if we do not assume those predic-
tions are perfectly accurate, they have had a political impact. Until
just a few years ago, the subject of a digital agenda had only a mar-
ginal existence in the political focus of the parliament and adminis-
tration. Meanwhile it has become an issue for heads of government,
opposition leaders, and political columnists. For political leaders, dig-
ital abstinence is not a sustainable approach for either their
communications or planning for the future.

The number of platforms, discussion forums, and summits dedi-
cated to these organizational perspectives cannot be ignored. For some
time, conferences, green papers, and foresight processes have been
joining the discussion on »work 4.0« and the consequences of the dig-
ital transformation for employment opportunities and participation

in society. And these in turn are the basis for conclusions regarding



the adaptation of education and training needed in light of future sce-
narios. Such conclusions are inevitably faced with a dilemma: on the
one hand, the need for rapid adaptation is proclaimed in view of the
rate of anticipated change; on the other hand is the change itself that
remains as yet unclear, since a scenario is ultimately just one possible
future. Some of the uncertainties that are significant for the present
discussion are clarified below.

Uncertainty 1: The digital transformation will wipe out whole jobs

If one is dealing with the use of machine learning, cloud robotics,
and other technology in the workplace, there is in the beginning a
great promise. It is the promise of relieving people of all tasks that are
heavy, routine, and monotonously repetitive — be it physical labour or
cognitive routines. Machines share their experiences with other ma-
chines and thus continuously improve what they do, as outlined by
Ken Goldberg. At the same time, recognition of patterns in the vast
amounts of data they collect makes it possible to respond anticipatory
to events before they occur. These methods are relevant for industrial
production, the analysis of texts and judgments, as well as for
assistance in travel bookings or surgical interventions.

However, there are many activities in which complicated and de-
manding routines make up the very core of the work. Here, digital
automation does not act as a liberating promise, but rather as a threat
to the workplace. And even if it proves to be true that the economic
transformation process associated with digitization ultimately creates
more jobs than it destroys, that macroeconomic knowledge is of little
comfort to the industrial worker who is replaced by a cloud connected
robot, or the paralegal whose role is taken over by analysis software.
In their cases, the new jobs will either be academically challenging or
in fields that are far removed from their previous activity.

However, very few activities consist exclusively of routines: most
job profiles therefore won’t be completely replaced by algorithms or

robots. Far more often we will see activities in which certain aspects
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SHARING ECONOMY

In the Sharing Economy, which has spread in recent years mainly
due to the possibilities of the Internet, it is no longer owner-
ship, but the possible use of a product that is in the foreground.
So platforms like Airbnb, Uber as well as car-sharing platforms
are making living spaces and mobility available. In addition

to commercial offerings, there are also exchange or freecycle
networks for the Sharing Economy. Since in principle everyone can
participate in this form of economy and for the most part it
saves resources, some consider the Sharing Economy the economic
system of the future, as revolutionary as the steam engine or

the computer. Critics also point to negative side effects: Renting
private rooms to tourists through Airbnb in densely populated

areas drives up rents.

are automated while other parts are still carried out by people. Robot
assistants for surgeons, software that analyses contracts or court judg-
ments for lawyers, booking systems that compile travel patterns for
sales agents, connected exoskeletons for nurses, or automated analysis
tools for accountants that generate warnings prior to payment risks:
all this is already no longer science fiction. Pilots, for example, have
long known what it is like when parts of their activities are performed
by a machine. Let there be no doubt about it: the change described
here is fundamental and a lot of activities will be impacted. But also
linked to this change are conclusions regarding the education and
training system — beyond the loss of a significant number of existing
67  activities.
Uncertainty 2: The digital transformation devalues knowledge and

strengthens skills

In its simplest form, the breakdown of the relationship between
knowledge and skills is described with the repeatedly cited idea that
it is no longer about »knowing something«, but rather about being able
to »find knowledge about a topic on the Internet« and ideally being
able »to put it into perspective« through refined media literacy. The
processes of finding and of classification, however, are essentially in-
fluenced by »knowledge«. Which of the search engine results you focus
on depends on the context of understanding in which you classify the



sparsely supplied lines of text, and the extent of that context of under-
standing is a dimension of knowledge, not of competence. Whether
vou then trust the text behind the search result or are even able to
compare it in turn to other texts on the same subject also depends
largely on knowledge, and not on skills in using digital applications.
Knowledge and competence form an unbreakable connection that is
in no way changed by the digital disruption.

Uncertainty 3: The effective use of digital technologies in trades

also requires a basic understanding of their functioning
It is often said that the operation of complex technical systems pre-

supposes a basic understanding of their functioning. This assertion is

contradicted by any three-year-old who effortlessly navigates the user
interface of an iPad. Digital assistance systems are distinguished pre-
cisely by the fact that they make things easier for users, without their
intervention and even before they think of it and without creating com-
plexities that can only be controlled with technological knowledge. This

is important, because from this lack of clarity conclusions can be

drawn regarding vocational education and training. But what good is

a rudimentary mastery of programming language or a rough under-
standing of algorithmic logic to an automotive electrician? He should

not be allowed to deal with the highly complex software experts devel-
oped for the vehicle’s analysis system. But with his dexterity, his abil-
ity to execute electronically selected repairs in rather inaccessible parts

of a car, he will at least for a while be superior to learning robots. And
should a robot outperform him one day, a basic knowledge of coding
and digitally networked production will also not provide him with em-
ployment opportunities. Even vocational training optimists acknowl-
edge that retraining a tradesman to program the machines that re-
placed him is rarely successful. That only leaves retraining in distant
fields, which though less demanding, are not existentially threatened
by digital technology. In that case, he will have the prospect of work if
he performs a task that cannot be done by machines or algorithms.
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SILICON VALLEY

Silicon Valley is the southern part of the San Francisco Bay Area
and the most important place in the IT and high-tech industry,

the abode of innovation, intelligence, and creativity, and a magnet
for large amounts of venture capital. According to the observations
of sociologist Andreas Boes, Silicon Valley is a "digital inter-
active society", in which one and a half million people deal con-
tinuously with the question of how new business models have to be
developed. The estimated average age of the mostly highly motivated
employees: 29. The estimated number of hours they sleep each night:
4. Because of its innovative strength, the region is seen by many
as an entrepreneurial paradise, to which delegations of managers

from Europe travel to learn about American work culture.

Uncertainty 4: The ultimate educational response to the digital

transformation is more STEM and coding — as early as possible

Certainly we must be grateful for every professional that STEM
or coding training initiatives have set on the path to a successful ca-
reer as an engineer, computer scientist, or data analyst. The world of
digital transformation will be marked by a significantly greater need
for appropriate experts. This opens up broad employment and earn-
ings prospects, so the numerous STEM programs are justified. But the
demand for these professionals is also so high because they should
program the world as intelligently as possible with the least possible
access barriers for users. A world programmed by a growing number

69  of experts is connected to a big promise: freed from routine and other
stress, people can finally concentrate on what makes them human: the
productive creativity inherent in disruptive entrepreneurs as well as
in great artists, the caring, compassionate, motivational, and some-
times inspiring human interaction that machines can only simulate
(thereby depriving them of their value), or the critical spirit that
continuously questions routines and patterns.

But the focus on the »essence« of the activity can also be stressful
because habitual routines create moments of active recreation, in
which high-concentration, permanent creativity, or the compassionate
focus on others are not required. Even university teachers complain,



SINGULARITY

Singularity is used by futurologists to describe that point in
time at which machines will become smarter than humans. With the
progressive development of self-learning computer systems, they
predict the emergence of a super-intelligence. Since such a super
machine improves on its own, it would generate an intelligence
explosion that man could no longer control. Proponents of this
development predict singularity for the year 2045 and forecast as

a result of this a higher life expectancy or even "biological im-

mortality". Critics consider such visions to be naive and fear that

a super-intelligence could be directed against people. They argue
that machines should be equipped with ethics programs to protect

humanity from the incalculable consequences.

often rightly, about bureaucratic burdens. But if intelligent systems
relieved these burdens completely, they would have no haven to
which to escape guilt-free from the horror vacui of the empty page,
which even the most productive scientists occasionally face. So, to be
freed by technology to focus on one’s real work can be very stressful.

As with the trades, people are also not necessarily better prepared
for this »essence« in the wider educational context by acquiring a me-
dia literacy licence at a young age or learning »coding« as their first
foreign language. No legal analysis software can be developed without
the help of good lawyers. When a software-using lawyer concentrates
on the essence of his activity, legal knowledge is more helpful than
code. And while the pilot flying with autopilot should of course have 70
a mastery of the buttons and display controls, above all he should have
an ability not to trust the system blindly and be able to fly inde-
pendently in case of system failure. Much more disturbing than the
notion of an automotive electrician tampering with a vehicle’s analy-
sis software is that of a pilot trying to optimize autopilot algorithms
with only basic coding skills.

Uncertainty 5: Unequal access to digital technology is the main

cause of the risk of a digital divide in society

This claim has become uncertain even with regard to the countries
of the global South, and it is certainly incorrect for the developed
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countries of the West, where even households that are dependant on
welfare have access to smartphones and computers.

The digital divide in society is thus not a question of access to
technology. but of interaction with technology.

The vibrant wealth of data in the Snapchat world. in which
e-mails are already relics of a past form of communication, conveys a
breathlessness and restlessness that undermines concentration. This
is at least the case where there are no structures for leisure time and
a break from the digital world. The real divide is between those who
are helpless in the face of digital possibilities and temptations and
those who — mostly through parenting — are encouraged to take breaks
and focus on the analogue, whether that means doing homework, play-
ing the piano, or reading a printed book. And there is a divide between
those who, thanks to their knowledge, can deal productively with the
wealth of information on the Internet — as explained above — and those
who drown in this deluge because they lack the ability to sort through
it. More than schools, parents are the ones who are the formative
power of this social dividing line.

The consequences for an education program that is open to the

future

If it is true that the precise contours of change for many activities
are still unclear and if furthermore, it seems likely that the great ma-
jority will entail partial or complementary digitization as opposed to
total replacement (and for these activities, non-digitizable elements
will gain in importance), the question arises as to the consequences
for a suitable training program. It is clear from the foregoing discus-
sion that STEM and coding initiatives are definitely not enough to
fulfil the promise of digitization.

It is not without reason that Aristotle appears in the title of this
piece. His reflections on education come from a world of human action
characterized by freedom and opportune moments (kairos) and there-
fore never exactly predictable. It is a world of »non-necessities« and



UNCANNY VALLEY

A paradoxical, unproven phenomenon according to which hyper-
realistic imitations of the human form are perceived as scary and
disturbing. Instead of people, these imitations look more like
bodies that move - like zombies. Only when facial expressions and
body language match one hundred per cent are androids percieved
as being natural. The discomfort associated with the Uncanny
Valley poses a constant challenge for robot designers and regular-
ly results in animated films becoming a box office flop because

viewers cannot identify with the characters.

»mere possibilities«. For Aristotle education is therefore never aimed
at an external goal. Rather, it serves an internal goal, self-realization.
His »Lyceumc« offered a programme with a broad scope, which is why
he is still considered the intellectual pioneer of the liberal arts concept
of North American colleges and the educational concept of liberating
people so that they can think for themselves and act responsibly. For
Aristotle, the breadth of the generalist approach to education was not
limited to the humanities, but of course also included the then-known
natural sciences. In his conception of education, the desire to investi-
gate the causes of things is especially encouraged. Today we call this
critical thinking, which cannot be satisfied with how things appear
superfically. 72
Free from the idea of external goals, the educational approach that
is dedicated to development of the individual later came to incorporate
the neo-humanistic educational reforms, the strongest proponent of
which was Wilhelm von Humboldt. Humboldt conceived education not
in terms of future employment, but as inner growth through confron-
tation with the intellectual premises of an external world. This »gen-
eral human education« was to precede any vocational training and
was not designed to be elitist. Humboldt envisioned an educational
programme for everyone. In the social context of his time and the re-
ality of his own education policy, this anti-elitist claim was realized
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beyond elementary school but only in exceptional cases. The challeng-
es in offering individual development opportunities not only to a
widening elite, but also to all strata of society, remain to this day.
The punchline of digitization in educational policy has been elab-
orated elsewhere by Jorg Driger and Ralph Miiller-Eiselt and is de-
scribed in this volume by Stephen Spurr: if digitization is recognized
as a tool, the goal of »universal education for everyone« can be better
and more quickly achieved despite increasing heterogeneity. That
means bringing the best educators, most engaging teachers, and mo-
tivating pedagogues together with data analysts, virtual reality ex-
perts, and programmers to develop digital education for all grades and
should be oriented to the educational goals of the German Standing
Conference of the Ministers of Education and Cultural Affairs, acces-
sible to all students and that all teachers can use. Ideally, individual
teachers thus relieved of the task of mediating the core curriculum
will have much more time for individual work with students. They, too,
would then be free to focus on the »essence« of their vocation and ac-
tivities — for the benefit of each and every student whose individual
development they could better foster. In other words, digitization opens
the analogue core of the teaching profession up to new possibilities
and supports a program of universal education that is not restricted
to the elite. This in turn offers the best conditions for a digital future,
whose effects on work and employment can not be predicted to date.
However, the success of such a vision is crucially dependent on two
factors that are already essential for successful educational pathways
today: the involvement of parents and the training of teachers. And it
is not enough to limit this vision to the field of general education.
The decisive role that parents play in determining their children’s
attitudes towards and interaction with digital technology has been
discussed above. And if the use of digital technology in the school
context should lead to additional areas of opportunity, then the school
has to rely on the support of the parents. Replacement of parents



through public infrastructure, as envisioned in an active paternalistic
state apparatus, does not help here. What is really necessary is serious
extracurricular work with parents, including parents without higher
education, as partners in fostering stability, structure, and creativity
among children. But professionalized work with parents must be a
methodical part of students’ teacher training programmes and not be
left to the vagaries of everyday school life.

The use of digital instruments can only free teachers to devote
themselves to the core of their profession when that core is developed
within them. Teachers who have lost this core of their vocation (or
never possessed it) cannot be liberated by the use of powerful learn-
ing analytics. Despite the euphoria about digital possibilities, we are
faced with the simple realization that the core of good education is
not affected by the anxiously awaited digital transformation. The
urgent need for good and accessible pedagogy remains. The success
of this endeavour does not rise and fall with technology. It rises and
falls with the quality of teachers. And the quality question begins
with the decision of suitable candidates to study to become a teacher,
followed by teacher training as well as further skill enhancement, and
also includes innovative teaching models, of which digitalization is
only a part.

Finally, it is important not to formulate the scope of application
of general education in too narrow a way.

The strength of the vocational training system in Germany lies
precisely in the fact that it does not focus on preparation for a specif-
ic job. For a dynamic labour market, such a narrowing of the educa-
tional concept of education would be problematic. Especially given the
impacts that digitization seems to be having on the labour market, it
would be useful to broaden this concept of education in the spirit of
Wilhelm von Humboldt. Terms such as attitude, character, and edu-
cation of the heart have no place in mechatronics training, but they
should be the basic principles of a vocational school curriculum de-
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VIRTUAL REALITY

Virtual Reality is defined as the representation of a computer-
generated virtual world, in which the viewers or players are
immersed as though they were a part of it. To make the sense of
presence as realistic as possible, sensations such as smelling or
touching are triggered. Although video games constitute a virtual
reality, the term is closely associated with VR goggles. These
allow the wearers to turn their heads and move forward, thus rein-
forcing the impression of a boundless virtual world. They also give
the wearer the feeling of being present in and even able to

influence the virtual reality.

signed to be open to the future. So the challenge in curriculum design
is to translate the core of humanistic education into a vocational
school-compatible definition. This, too, is easier with an excellent dig-
ital core curriculum that relieves vocational teachers and gives them
more time for individual work with trainees. Algorithms that recog-
nize mathematical errors are one thing, but educators who inspire
students to be critical of the certainties presented to them and to use
their own thinking in the place of predetermined assumptions are
quite another.
Every level of the education system thus provides opportunities to
develop individual potential, but only if digital instruments are ra-
75 tionally embedded in a very traditional education program, one that
is not feverishly oriented to the uncertainties of a digital discussion
and ambiguous changes in the labour market, but to the core of West-
ern educational beliefs: the best possible development of human capa-
bilities. How to best achieve this goal, even under the conditions of
digitization, remains a major challenge. And this alone should be the
basis of our ongoing concern.
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