Under the command of algorithms
One of the greatest thinkers of modern mathematics believes that bad math education
keeps knowledge away from people and makes them vulnerable to dangerous innovations.

Edward Frenkel’s interview in Brazilian weekly VEJA by Renata Betti (translated by Karina Rebuli)

The Russian mathematician Edward Frenkel, 46, believes that domination of mathematics by a
small élite can be dangerous to our society. That’s why he is trying to reach out to the general
public — which, unfortunately, today has no passion for numbers. In his book, newly released in
Brazil, Amor e Matematico, he also recounts his difficult path to becoming a mathematician. Born
in the Soviet Union, he suffered prejudice as a student of Jewish descent, and used to scale the
walls of the University to attend lectures. At the age of 17, he solved a complex mathematical
problem that was a challenge for great scholars — this gave him a feeling that he compares to the
first kiss. At 21, he was invited to study in Harvard, getting his Ph.D. there in one year. Today, he
teaches at the University of California at Berkeley, from where he gave us this interview.

Why so many people hate mathematics?
There are many factors. The main reason why most people don’t like mathematic is that they don’t
know what it is. But they think they know, which is even worse, because they were exposed to
such a tiny fraction of the subject, in a bad way, and that only gave them a bad taste, which is what
they remember. I see it as one of my missions to reduce the damage caused by our education
system. It’s almost like my job would be easier if my readers had never heard of the subject and I
could start from zero.
So what can you do then?
I talk about things that are completely different from those explained at schools nowadays. There
are paradoxes in education that I consider unacceptable. One example: the world around us is
governed by algorithms. They are the basis of major human inventions. And yet, a person might go
through life playing video games, shopping online and talking with friends on Facebook never even
realizing how much math there is in all of this. Why don’t we take advantage of these everyday
situations to attract attention of students to mathematics and to explain how it works, and instead
we keep falling back on the tired subjects that nobody can understand? I guarantee you that if we
do so, there will be much more interest in the subject.
Maybe people are afraid of to much abstract reasoning, which they find hard to
understand…
But our world is becoming more and more abstract, in every sense. The most obvious example is
money. We used to have barter, a fish could be exchanged for a piece of meat, for example. After
that the gold standard was invented, which was still something concrete. With the creation of
money, a mere piece of paper got value. And nowadays we use credit cards or bitcoin, which is
somewhere in the cloud. All these higher and higher abstractions arise from manipulation with
numbers and coding. That’s why we need to teach our children math so that they know how to
navigate their way in this new reality. This isn't simple stuff. But the fact that kids these days have

early contact with computers, tablets and smartphones naturally creates favorable circumstances
for learning. On the other hand, if we don’t disseminate knowledge about math and technology, we
run the risk of concentrating it more and more in the hands of very few people.
Why does this worry you so much?
Because this knowledge increasingly allows numbers and algorithms to supplant humans. Due to
sophisticated algorithms, companies like Amazon and Google track the users and recommend
products to them, thus bringing enormous profits to their businesses. Customers think they are
deciding by themselves, when in fact they are being led on by software that analyses their history
and correlates data to predict their future behavior. Most people don’t even realize they are being
manipulated by a machine. If they had at least rudimentary knowledge of the subject, they could at
least be aware of how they are making their choices.
Are you against applications based on mathematics?
Of course not, but it is necessary to be careful when manipulating things in a way that affects
human behavior. Machines can’t substitute our emotions and judgment ability — in other words,
intuition. That is why I worry, yes, about the approaches of certain people who, even if they know a
lot, don’t seem to have the same self-guards as most people.
Who are you referring to?
Some of the most brilliant minds today, especially here in the Silicon Valley, are trying to create
machines onto which they want to upload their brains. There are powerful people involved — such
as Ray Kurzweil, chief of engineering at Google. The problem is that these people actually believe
that humans are nothing but machines and think we can be replaced by machines. When one
thinks so and has a lot of power, we are running a tremendous risk of creating robots and
machines that are out of control...
Aren’t you being too alarmist?
Unfortunately, I’m not. Those who think that robots doing harm to humans is in the domain of
science fiction should think again. People have already begun to delegate crucial functions to
computers. There have been multiple reports lately that there are fully automated guiding systems
being deployed for missile launches by drones. And a few years ago, in 2008, the indiscriminate
use of inadequate mathematical models to perform transactions in the financial markets
contributed to a major crisis, thanks in part to the imbalance in the access to information processed
by mathematical models. These are two powerful examples of machines and algorithms replacing
human judgment — with troubling results.
Is mathematics education in the United States better than in other countries?
Not necessarily. The curriculum is the same, independently of the place. Let’s look at geometry:
today students basically learn that “Earth if flat,” based on the ideas developed Euclid 300 years
BC. Non-Euclidean geometry of the Earth surface is never described. A modern, interesting and
effective lecture on geometry would address issues like chaos theory, cloud formation and tectonic
movements that lead to tsunamis. But for this to work, teachers need to change how they teach.
How do teachers react to you criticism?
Many of them hate it, of course. But that doesn't bother me, because I consider this sort of
privatization of crucial knowledge scandalous. We are robbing people. Teachers keep on passing
on dogmas instead of connecting mathematics with the real world and showing its applications.

This practice is so deeply entrenched that even I only realized this recently, when I was writing my
book. I have been studying and doing research in math since I was 15 years old and I had never
thought about it. Then I decided to think about how science is taught, and I was shocked. I realize
that some of my colleagues prefer to leave things as they are, because it feeds their ego to know
that they possess knowledge very few others have access to.
Why is it so hard to modify this pattern?
The impulse to just keep doing things by inertia is very powerful. Furthermore, there is a general
feeling that learning must be fun, especially in the USA. In Russia, where I was born, we did not
think this way. Surely, it gives us pleasure to solve a challenge or to learn a new thing, but students
in Russia were told they must work hard. I want my Berkeley students to feel good in my lectures,
feel happy when they see the results of their work, but this doesn’t mean it will be easy. It’s exactly
the opposite. It’s the achievement and hard work that bring satisfaction.
Do the competitions among students around the world stimulate interest in science?
There isn't a strong correlation between winning competitions and knowing mathematics. One can
train to exhaustion and to became able to solve certain types of problems quickly, which is the
main ability needed in these competitions, without necessarily having the ability to do deep
research in science. This, obviously, does not mean that math olympiads aren’t important to the
discipline. They are, as is the training of these students. But to find and to solve big problems,
those problems no one had been able to solve before — which is to me the most noble mission of
mathematics — requires another set of skills. The vast majority of olympiad winners in fact
dedicate themselves to other things in life.
In that inhospitable environment where you grew up, what exactly attracted you to
mathematics?
The English poet William Blake wrote: “If the doors of perception were cleansed every thing would
appear to man as it is, Infinite.” I always liked science, but when I was a teenager everything
related to mathematics seemed to be devoid of purpose. It was physics, specifically quantum
physics, that interested me, because I thought it’s the physicists who will find the answers to the
biggest questions of the Universe. It was only 15, during the penultimate year of high school, when
I met a mathematician, a friend of my parents, who had showed me a book linking math and
physics. It was at that moment that I realized that formulas and theorems provided answers to
questions I always wanted to solve. It was an epiphany, an amazing feeling. So I decided to dive
into this world.
Why do you say mathematic transcend space and time?
Because it is a universal language. Look, for example, at the Pythagoras Theorem, that was
discovered more than 2000 years ago. It never had any updates and never will. It will always be
the same and it will be understood in the same way in every place of the world. This is very
impressive. In a world with so many problems and conflicts, we always talk about things that
separate us and rarely do we find things that unite us. Mathematics is one of them. What do we
humans have in common? We are the only species that do mathematics. Moreover, the formulas
we discover can’t be patented. They belong to all of us, because they are universal truths. No
wonder mathematics is behind great human inventions in so many different areas.
Which ones?
Look at the musical notes system, its beats and frequencies. The numbers lurking behind it all.
What are the Escher (Dutch graphical artist) paintings, with its symmetric and illusionary figures,

but prodigious possibilities enabled by mathematics? Of course, by this I do not mean that there is
nothing but numbers in the world. When I hear a special piece of music that makes me cry, I
cannot explain it by a formula. It is much more than logic and reason. It is something that connects
me with a profound feeling, which has no concrete translation. A computer can make symmetrical
drawings and program music, but it will not make me cry!
What is your ambition now?
When you are young and you join the profession, you think about winning awards. At the age of 21,
when I was invited to Harvard, I also dreamed of a brilliant career, with diplomas and medals
hanging in my office. Gradually, I realized, however, that when you know who you are and the
importance of your contributions, you don’t care about these sorts of things. That is what happened
to me. I have a clear mission now: to help people to connect with mathematics and to demystify it
as something insurmountable and incomprehensible. If I can advance this goal, I will have
achieved the ultimate prize.
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