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Science education for the general public as 2
crucial ingredient for an advanced economy

Several of last night's speakers - the scientists, interestingly enough, not
the industrialists nor the politicians - mentioned that education at the present
time is of the highest priority. | would like to briefly describe what it means
to live in 2 world increasingly dominated by science and technology, how it
affects every one of us (by which I mean the general public, not the small
circle of scientists) and in what way education, and especially science and
technology education, can answer marny of today's problems.

Practising science 2 hundred years ago could perhaps be compared to play-
ing music by Shostakovich today. The circles of cognoscenti were limited - a
few people practising it, a few people watching and following it, a few who
actually understood it, 2 larger group which took some interest in it once or
twice a year, and the majority of humanity totally ignorant of it. If you were
to open a newspaper a hundred years ago, you would read about science just
as often as you read today about Shostakovich's music, an article every few
weeks or every few months, depending on your country of residence and on
who happens to be playing at a given time.

Likewise, science was just as relevant as Shostakovich to the industry and
economy of the time, in the sense that no big industry was interested in the
latest scientific discoveries. This was the time that the electron and X-rays
were discovered, it was the beginning of the revolution that eventually led to
the understanding of the atom, to nuclear science, 0 electronics, to the theory
of relativity, to the understanding of molecules; in brief, to almost all of 20th
century science. It was all born at that time and it was as much in the news
then as the music of Shostakovich is today.

Fifty years ago, the situation was already different. Partly because of
World War 11, which hastened certain technological innovations - from cryp-
tography and code-cracking to radar, nuclear physics and many other fields -
science and technology began playing a key role in politics, in war and
peace, in life and death. It was at that time, about fifty years ago, give or take
a decade, that the transistor, the laser and the role of DNA were discovered.
Yet, fifty years ago, all this was still not the business of the general public.
One began reading about science in newspapers; political leaders began to
have a glimmer of its significance; large industries rose on the basis of its in-
Novations, but it was definitely not something that the general public could
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feel, smell, or touch. The daily life of most people did not depend on the new
scientific discoveries.

Today, we live in a completely different world. We are participating very
actively, every single one of us, in two revolutions and in one crisis. Ope
revolution is the electronic revolution, comprising all those things that have
to do with the world of computers, electronics, telecommunications, infor.
matics, internets and all their resultant technologies. Inescapably, it touches
every area of our life; it is in our home, in our office, when we travel, everywhere,

The second revolution is the genetic revolution, of which most people are
not yet fully aware. People are familiar with words such as "genes", "DNA"
and "biotechnology”, but have not yet absorbed the impact of the daily dis-
coveries triggered by the genetic interpretation of diseases, but also of nor.
mal human, animal and plant physiologies, on our health. The ability to ma-
nipulate genes (and I'm not talking about cloning), the possibilities of gene
therapy, of fixing things that went wrong, of doing experiments to see how
certain genetic features relate to specific human problems - all this opens up
an incredible panorama of possibilities that will increasingly influence our
life, whether we like it or not.

Do you think that Watson and Crick, who discovered the structure of the
DNA molecule in the fifties, could have imagined that forty-five years later
the fate of the president of the United States would depend on the DNA anal-
ysis of his famous stain? When I was in Alpbach some years ago, I drew an
example from an item that was then in the headlines - the role of DNA test-
ing in the trial of O.J. Simpson. This is today no longer an extraordinary
event; it is used in forensics frequently and in another decade it will be en-
tirely routine.

It has been estimated that approximately 50% of the gross-product of the
world is now based, in one way or another, on our understanding of the elec-
tron or of the atom: lasers, electronics, computers, new materials, biological
aspects of molecular biology, and so on. These science-based products are no
longer a little footnote in the annals of history or economics, they are no
longer the business of a handful of scientists. Rather, they are in the life and
home of every person.

[ mentioned two revolutions and one crisis: the two revolutions are the
electronic revolution and the genetic revolution. The crisis is of the planet -
its environment, its energy and water sources. We are getting bigger in terms
of population numbers and in terms of waste. For the first time in history, we
are big enough to make a difference - a destructive difference - on the land
that we inhabit. This leads to an enormous number of problems, some of
which have not yet penetrated our understanding. In Austria, water is not a
big problem, but it is absolutely clear that over the next twenty or thirty
years, there will be quite a number of local wars in the world on the issug of
water, as water becomes an unbelievably scarce resource. I will not get }"F"
the complex issue of environmental problems, except to say that the crisis 1S
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already here. And between two revolutions and one crisis, almost everything
we touch has to do with science and technology.

One fascinating aspect, which I will just mention, is the growing number
of points of interaction between the two revolutions, between the world of
electronics, computers, informatics on the one hand and the world of genet-
ics, medicine, agriculture on the other. I can give several examples.

When you go to a hospital, you see today a fantastic collection of technol-
ogy - from magnetic-resonance imaging, to tomography, to laser operations,
to radioactive scans - all demonstrating what the world of physics and com-
puters can do for human health.

When you think about the correlation between the understanding of the
human brain - a biological problem - on the one hand, and the design of
modern computers - an aspect of the world of informatics - on the other, you
see a growing connection between the two. And still nobody has succeeded
in producing a computer strong enough, fast enough, to compete with the
human brain.

Understanding the complex structure of biological molecules for the pur-
pose of designing new drugs and creating cures for various diseases is an en-
deavour of biology, yet it is entirely played in the field of chemistry, physics
and computers.

And finally, there is the international effort, known as the Human Genome
Project, to decipher the code of the entire human genome, which will appar-
ently be completed by the year 2003, just five years from now. This vast un-
dertaking, whereby sophisticated mathematical methods must be used to di-
gest huge amounts of biological information, is a prime example of the com-
mingling of two disciplines - the world of genetics and the world of informatics.

My point is that the two revolutions may end in ten years by becoming one
revolution, and all this will be just a little more confusing than it already is.
The reason is that this revolution touches everything: health, agriculture, en-
vironment, energy, industry, communication, transportation, defence, educa-
tion, politics and even religion.

For example, every person daily faces a certain risk-analysis. The individ-
ual doesn't think of it in those terms, but when we walk out on the street, we
know that there is a certain risk of being killed in a car accident, yet we do
not let this awareness take over our lives, we don't stop walking in the street
or driving a car because of it. We calculate the risk and we try to minimise it.
And yet there are many other risks - health risks, environmental risks - which
nobody bothers to calculate. The issue of statistics - calculating risks, fore-
casting eventualities - is becoming increasingly dominant in our lives, and
will become much more so over the next decade or two. It is fundamental to
national policy.

Speaking of statistics, I am reminded of the story about three statisticians
Who went duck-hunting. The first one who saw a duck, took a shot at it and
the bullet passed twenty centimetres above the duck; the second one took a
shot, and his bullet passed twenty centimetres below the duck; the third one
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said: "We got it!" Statistics, clearly, has its dangers, but it has become avy
serious business in national policy-making and requires a lot of c°mm°"-senSe

The world of politics is influenced by the emerging technologies of com'
munication. It's already a very different world than it was just a generatiOr;
ago, when today every politician depends on television and mass-medjy but
it is going to be a far more different world when everybody will be abje t’o sit
at home and, at the end of the evening news, press a button to €Xpress his or
her opinion. The screen will instantly show the results of this public Opinion
poll, or rather this national plebiscite. This technology already exists; it's stj))
a little too expensive, but in ten years it will be commonplace. This wi]] cer.
tainly change politics. So much will depend on who is asking the question
and how the question is formulated. This too is a very serious businesg and,
incidentally, a potentially great danger to democracy.

To prove my point that science is everywhere, I can even turn to religion
and ethics. There are issues that nobody ever thought about, al| the issueg
that emerge from how life is created. This reminds me of the story about the
Catholic priest, the Protestant minister and the Jewish rabbi, who were debat.
ing the great biological, ethical, religious problem of when life begins. The
Catholic priest said: "At the moment of conception"; the Protestant minister
said: "At the moment of birth." And the rabbi said: "Life begins when the
children leave home and the dog dies."

Two short remarks about how science is generated and what it can do, be-
fore we move to education; specifically, to science education. All of science
emerges from basic science. Basic science alone may not be useful, but sci-
ence without basic science simply cannot exist. The best analogy is to think
about basic science as raising children: you don't know how they will turn
out and what will become of them, but you cannot get them ready-made,
fully grown and successful adults. To argue that we should put all our efforts
into applied science and industrial research is exactly like saying: "Children
are useless, let us therefore start producing them at the useful age of eight-
een." Just as you cannot create an adult person out of nothing, without in-
vesting eighteen years in raising and educating it, and sometimes also Iosipg
your investment, so it is with science. Its outcome is unpredictable and' its
benefits may only become apparent after fifty or even eighty years. And just
as you don't want to raise too many children, you don't want to invest too
much in basic science. But you have to invest enough, and you have to let it
flourish as freely as possible.

Science, as Professor Lehn said, is a wonderful way of bringing together
people and nationalities. And there is no place where this was better demon-
strated than at the beginning of rapprochement after world War Il between
Israel and Germany, which was initiated by scientists of the Max Planck-In-
stitute and the Weizmann Institute only fourteen years after the Holocaust.
Scientists from Israel and Germany got together and planted the seed that
grew into a new friendship between the two countries. And there is n0 grgat-
er friendship between Israeli and European scientists than the one that existS
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day between Israeli and German scientists, and there is no more beautiful
i ?gple of how science can create bridges between people and countries.
ex?f science and technology touch on every aspect of the life of each of us,
what are we expected to do about it? We cannqt make everybody a scieptist -
that would make no sense at all. B'ut we certainly need science educatlon. as
an integral part of genergl e(!ucatlon. At the end.of this century, no high
school boy or girl, no umversny‘stuc.ient, can cpnsnder themselves well edu-
cated if they do not have some scientific education.

[t may also be a cultural need, as I believe it is, but it is first and foremost a
crucial economic need. Because the only sector of the economy in advanced
countries which creates wealth is the high-tech sector. And the only kind of
people that the high-tech sector needs are peop!e with some le\{el qf scientific
training. This involves an entire pyramid of skills: there are scientific stars at
the top, there are scientists who do routine scientific work, engineers, tech-
nicians, laboratory workers, and a host of others with some level of scientific
or technical ability. A labourer in a plant, a reception clerk in a hotel, an air-
line reservation clerk - everyone today must have more technology and more
science know-how than before. Think about the business of job creation: a
parking-garage twenty or thirty years ago and a parking garage today. A
parking garage thirty years ago meant a person sitting with a little book, col-
lecting money, handing out little pieces of paper - a job that required only the
ability to count, not even to read - and employed too many people for no
good reason. A parking garage today requires no people. The jobs are else-
where: they are in the company which produces the automatic money ma-
chines for the parking garage; they are the jobs for technicians who maintain
and repair these machines; they are the jobs in supervising the whole system.
There may be less jobs than before, but each of them is much more sophisticated.

Let me try another analogy. Everybody who watches football at least once
a year, even someone who is not a great fan, knows a few rules of the game.
You know you have to kick the ball and not use your hands, but you also
know that there is one guy at the edge of the field who is allowed to use his
hands. Having figured that one out, you also realise that sometimes other
players also use their hands, but only when the ball goes out of the field. If
You are really sophisticated, you note that the one guy who is allowed to use
his hands all the time is sometimes nor allowed to use them. Thus, even a
non-expert in football is probably a little more sophisticated in his under-
Standing than he may realise.

My point is that for an advanced economic structure we need people to un-
derstand science at the level that they understand football. Not more. You
:z:‘l!y don't have to gnderstand the thennqdynamic principles of a refrigera-
thism order to open it and take out the mll!(. But you‘do havc to know that
o 1s a box conn_ef:teq to electricity, in which everything is cold, .tha.t if you

Mmove the electricity it will no longer be cold - and a few other principles.
thelr:?e these two ‘ra.ther sirnplistic 'examples to illustrate the message that

S a certain minimal scientific literacy that is a must, and I claim it does
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not exist today. You meet very educated and intelligent people, includ,'ng
one of Israel's past ministers of education, who proudly announced: "I faileq
in mathematics in high school and I wasn't the worse off in life on account of
it." Maybe he wasn't, but if a kid fails high school mathematics today, it will
surely damage his or her career, because we live in a different world. Anq j,
ten or twenty years, I guarantee that it is going to be much more crucia] fo, a
lawyer, an entrepreneur, or a business person to have a strong Scientific back.

What does this mean, science education? If we want the whole Population
to understand science as it understands football, what do we have to teach?
That is not an casy question. But before I address it, I want to add one more
argument why it is absolutely crucial - and this time it is not an €conomic pe.-
cessity, but a cultural one - to educate the public to a certain level of scjep.
tific thinking and literacy.

There is too much anti-science in the world. As Wwe approach the end of 5
century (the same thing happened a hundred years ago) we see anti-science
flourishing in various forms - in superstitions, the coming of the Messiah, the
end of the world, but also through ostensibly good magicians, who pretend to
have supernatural forces and a variety of "alternative" techniques for the
healing of body and soul. When this irrationalism goes beyond a certain
point, it becomes dangerous. It threatens democracy, leads to religious fanat-
icism and other forms of fundamentalism. This is a very compelling reason
for ensuring a certain level of science literacy for the general population.
Somebody was saying that the best way to fight superstition is to convince
superstitious people that superstition brings bad Juck.

The issue of what we can believe or can't believe is a difficult one, as the
following example may illustrate. In my home country Israel, it was reported

people swore they saw it.
Of course, there were two theories: One said that it was a falling meteorite,
the other said that these were little green men coming from outer space.

we do not know that little green men from outer space exist, and I must wait
for clear evidence before I can believe in them.
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One can elaborate on this example, which I will not do here, but it demon-
strates that this is not a legal issue, nor a mathematical one. A lot of experi-
ence, intuition and common-sense are involved. People who do not under-
stand science think that science is always very precise. But this example
shows that science is not necessarily precise. The whole point of science is to
know when you need to be precise and when it is enough to be approximate.

For all these reasons, we need to undertake an educational revolution in
the next decades that places a high priority on science education. The trouble
is that every big change in education takes at least a decade or two, or a gen-
eration, because first teachers have to be trained. What should we be doing,
what should we be teaching, in order to make the general public science lit-
erate? The beauty is that it doesn't really matter, since you cannot teach peo-
ple all of science, but as long as you teach certain parts of science, and teach
it well, the goal can be reached. It doesn't matter if you teach more biology
than physics, or more physics than biology; the essential point is to teach
how to think in science. To endow people with the tools for rational thinking,
you have to teach them how to weigh things, how to think quantitatively,
how to evaluate when an algorithmic way of thinking is necessary or when
more lateral, intuitive thinking is best.

Children do not think algorithmically, yet they can do fantastic things.
When you write a computer program today, you use algorithms, but maybe
the computer programs of the future will be different. It has been said that a
computer can simulate a professor of classical botany more easily than it can
simulate a five-year-old child. And that's probably true, because there are
certain fields of science which are very well structured, like classical botany,
whereas a five-year-old child is usually very creative - and this cannot be
simulated.

There are also the languages of science, which you have to teach. Science
is, as | said before, not always precise, as my final example will show: How
much is 5000 plus 2? Well, you say 5000+2=5002. Let me give you my an-
swer in the form of a story about the tour guide at the Egyptian pyramids. He
Was showing the big pyramid to the tourists, and said: "This pyramid is 5002
years old." The tourists asked him how he could know this so precisely. The
tour guide said that when he started working there two years earlier, he was
told that this pyramid was 5000 years old. This example demonstrates to you
that 5000+2 most of the time is 5000, but there are situations where it is
5000+2. When you win a 5000 meter race in the Olympic games by two me-
ters, those two meters are very important. Clearly, to understand these differ-
ences, scientific thinking is necessary.

Now you're in a panic because you say: science moves so fast, how can we
Move it into the educational system? We develop new programs, we intro-
duce them into the school, and by the time they reach the child, science has
changed. That is not true. First of all, the basics of science do not change so
fast. What changes very fast is technology, and the last thing you need to
teach in school is last week's technology, because this indeed will be differ-
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ent next week. The internet doubles itself every year. Teaching the Specific
technology used to carry the information is totally useless in the school. By
to teach the basics of mathematics, of physics, of logic, of algorithmic, quan.
titative and scientific thinking - this is absolutely crucial. And, paradoxica] a5
it may sound, the faster science moves, the more important it is to con.
centrate on the basics.

There is also a whole new dimension to teaching. A science teacher toda
cannot be expected to master everything there is to know about science,
Teachers, children, and parents must all understand that a teacher nowadays
is like a traffic policeman. He or she has to guide the pupils to the resources -
- to the books, the internet, the libraries, the science sources - and find the
answers together with them, in a joint effort to think together and reach the
truth. A teacher has to know how to think about the facts, not to know al] the
facts. Of course, there is a danger of superficiality, and this too should not be
ignored. [ make no claim to have a ready formula for transmitting scientific
literacy to the general public. All I know is that scientific literacy is abso-
lutely imperative in a world so overwhelmingly dependent on science and
technology, and that every single country will need to make a big change in
its approach to education. If you agree with the ample evidence that scientific
knowledge and technology are the most important economic resource of
modern nations, then you will also agree that education, and especially sci-
ence education, is their best investment.



	p.337
	p.338
	p.339
	p.340
	p.341
	p.342
	p.343
	p.344

