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Edward Frenkel’s interview to the Brazilian newspaper
Valor Econômico, 04/07/15
Q: I am not going to lie to you: Math was not my favorite class in school. I
thought it was too abstract and, later on, it was difficult to understand how what
was taught then would help me in both my regular and professional lives. Shall we
be studying Math more deeply in our classes? What is the key problem with the
Math that is taught in Western schools?
Frenkel: The key problem is that in our schools, we do not convey to our students
what mathematics is about, what it's good for, but instead make students
memorize procedures and calculations that appear to them devoid of any
meaning. Mathematics, in their minds, then become a lifeless, boring, and
irrelevant subject. Combine this with teachers shaming their students in front of
the class for incorrect solutions, and you got a perfect recipe for fear and hatred
of math.
But what people "hate" is not math -- they hate how math was taught to them.
Of course, there are extraordinary teachers who inspire students. But they are a
minority. And in any case, what's happening in math education is not teachers'
fault. They are the products of the same system.
Imagine an art class in which they teach you only how to paint a fence or a wall -over and over again -- but never show you the paintings of the great masters.
Then of course you will say: "I hate art." What you will really be saying: "I hate
painting the fence." And so it is with mathematics. When people say: "I hate
math" what they are really saying is "I hate painting the fence."
Now, let's talk about the math curriculum. Do you know that most of mathematics
we study at school is more than 1,000 years old? For example, the formula for
solutions of quadratic equations was in al-Khwarizmi's book published in 830,
and Euclid laid the foundations of Euclidean geometry around 300 BC (2,300
years ago). If the same time lag were true in physics or biology, we wouldn't
know about the solar system, the atom and DNA. I think this is unacceptable and
really scandalous. Especially, today, when mathematics is all around us (think
about computers, GPS devices, video games, search algorithms and so on).
How can we not teach our kids about it and instead keep feeding them the same
old material?
People sometimes say that we have to study the old and "boring" stuff because it
is necessary to understand the new and exciting things. But I can tell you as a
professional mathematician: this is simply not true. You do not need to know

Euclidean geometry -- which is the geometry of lines on a plane, to understand
the geometry of a sphere -- which is the geometry of parallels and meridians on a
globe. Students can grasp this non-Euclidean geometry even faster -- and it's a
lot more fun!

Q: Is the teaching somehow different in the Far Eastern world? All the numbers,
rankings, studies, tend to show better results in Math with students from Japan,
China, Korea. What are they doing in their educational process that we are not in
the Western world?
Frenkel: I have not studied the math education in Asia in detail, but my
impression is that while it is probably better on average than in Europe and in
America, it still suffers from the same deficiencies, such as the fact that the
school math curriculum is obsolete and has not been updated for decades, if not
centuries. This seems to be a universal problem.

Q: It is easier for us to think about Music, Literature, Theater, Language as
important cultural heritages of our civilizations. Quite often I am able to read in
these own pages at "Valor Economico' pieces about writers, musicians, and their
new ideas. The same is true about Astronomy, Medicine, Social, Political and
Historical Studies. Math however, as you pointed out, is - and not religion, for
instance - " the one shared body of firm, unchanging knowledge that we all
possess and that nobody can ever take away from us" .Why is it not often the
same with Mathematics and topics related to its study and development?
Frenkel: There are two reasons. One is poor math education. We not only teach
students material that is obsolete, we also do it so poorly that after finishing
school, most of us are so terrified of math and "hate" it so much that we don't
want to hear anything about it any more! It literally brings us pain. Fear always
does.
And the second reason is that we, professional mathematicians, are not doing
nearly enough to open the eyes of the world to what mathematics is really about.
As the result, most of us are being robbed of an essential part of our culture.
And this is such a shame, really, because in fact, as I argue in my book,
mathematics represents this timeless and universal knowledge that we all share.
Think about it this way: If Leo Tolstoy had not lived we would never have known
"Anna Karenina." There is no reason to believe that another author would have
written that same novel. But if Pythagoras had not lived, someone else would

have discovered exactly the same Pythagoras theorem. Moreover, that theorem
means the same to us today as it meant to Pythagoras 2,500 years ago, and will
mean the same the same a thousand years from now. Anywhere in the world, to
anyone, regardless of what language we speak, what is our background, religion,
gender, skin color. How many things are there in this world that we all share like
this? Not so many, I am afraid. We always argue about so many things... But
mathematics is one thing that unites us. So, how can we hate it? It is something
to love and celebrate.
Isaac Newton wrote: "to myself I seem to have been only like a boy playing on
the seashore, and diverting myself in now and then finding a smoother pebble or
a prettier shell than ordinary, whilst the great ocean of truth lay all undiscovered
before me.'' That's what mathematics is: a great ocean of truth, waiting to be
discovered!
My dream is that one day we will all awaken to this hidden reality. Then, we will
all be, as Newton said, like children playing on the seashore, marveling at the
dazzling beauty and harmony we discover, share, and cherish together.

Q: Please correct me if I am not precise, but in "Love and Math" you argue that
Math is present in our daily lives much more routinely that what we are aware of.
The digital world much probably intensified the presence of Math in our lives.
However, we tend to ignore it. Why is that? And how interesting for the common
citizen would be to recognize the presence of the Math and to try to see it in some
of our more mundanes actions nowadays, such as using the GPS on a trip or
buying a product on-line?
Frenkel: We ignore it and run away from it because we are afraid of it. And this is
dangerous because indeed, as you say, mathematics is playing a bigger and
bigger role in our lives. So when we ignore math, we become vulnerable to
manipulation by the powers that be. They know math and they use it to their
benefit, more and more. Corporations, government agencies, and so on. So, we
had better confront our fears and become aware of what's happening around us.
I am not saying that we need to learn some complicated details about math, I am
talking about just general awareness, a general sense of what mathematics is
and how it is used.
Take, for example, various recommendations that we are being bombarded with
when we buy various products online -- for example, books on Amazon. Of
course, this could be a great resource. This way I found some books which I had
not heard of before, and which I really liked. But the flip side is that if we follow
blindly these recommendations without understanding how they work, we start
fooling ourselves.

In fact, these recommendations are derived from mathematical algorithms that
correlate our data (for example, which books we buy or like, etc.) with other
people's data. But these algorithms may be flawed or they could be easily
manipulated. There could be a particular financial interest to steer us toward
particular books. Then what? We have to be aware of such possibilities.
Or take Bitcoin. How can you possibly understand how Bitcoin and other
cryptocurrencies work, if you are afraid of math? And if you don't know it, but still
decide to use Bitcoin, then you may well run the risk of becoming a victim of
some unscrupulous scheme.

Q: I specially enjoyed your last year interview with "Mother Jones" (a favorite
magazine of mine). Theirs subtitle was fantastic - "Edward Frenkel wants you to
understand mathematics so economists, bakers, corporations, and intelligence
agencies can't manipulate you anymore". How does one uses Math to stop being
fooled by Wall Street and NSA (thinking here about hacking but also the stock
market and banks investments of citizen's money, for instance)?
Frenkel: I believe that just a general awareness of mathematics is very important
to us in this brave new world we now live in.
Would someone with a rudimentary knowledge of mathematical statistics ever
invest in a questionable "pyramid scheme" (like Madoff's in the US) knowing that
it reported the same percentage of profit year after year? I don't think so.
Unfortunately, the prevalent attitude today is "math is too hard, I won't get it." And
financial firms are certainly taking advantage of this.
Another example is manipulation of economic statistics. I discussed it in detail in
my article in Slate.
In 1996, a commission appointed by the U.S. government gathered in secret and
altered a formula for the Consumer Price Index, the measure of inflation that
determines the tax brackets and social benefits to millions of Americans. But
there was little public discussion of the new formula and its consequences. Why?
Because people are afraid to talk about math. They are afraid that they will not
be able to understand and will feel stupid. So they hide from it. And in effect they
are giving the government a free hand to use these mathematical formulas to do
what they want.
The same story with the NSA surveillance. About a year ago, I did a video
in which I explained in simple terms how, according to published reports, NSA
put a backdoor in s widely used encryption algorithm. It is based on rather
sophisticated math.

Q: At a recent interview for a Brazilian weekly you also said that "because 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". You use as
examples both Google and Amazon (we could also include Facebook, huge in
Brazil) and how they are able to manipulate the digital information market to
make huge profits while making consumers believing they have 'a choice'. First
question on this important topic: how having more Math knowledge would help
us to deal better with these companies?
I have already touched upon one aspect of this, and that is the poor level of
awareness of what these algorithms do, and how companies like Google,
Amazon, and Facebook collect our data and then use it collect their profits.
Unfortunately, we are becoming the slaves of these algorithms. I am not
suggesting to stop using the products of these companies. Far from it. I use all
three every day, and it has been enormously beneficial to me. But we also have
to realize that even though Google founders say that their motto is "Don't be evil"
(and I have no reason to doubt their sincerity), a corporation is like an algorithm
whose functioning is determined by maximizing its utility function, which is
maximizing profit. It's just simple economics and math.

Q: Is it possible to compare the kind of manipulation the new Information era
corporations are engaged in with dictatorial regimes of the past, such as your own
deceased USSR? Isn't it a new form of using ideology ("infinite options, thousands
of choices") to fool citizens treated as consumers? What could we - common
citizens - do to revert this trend?
Actually, it's not like in the Soviet Union, but it is very much like what Aldous
Huxley described with such brilliance and prescience in his book "Brave New
World" and other writings. We are building a society in which everybody thinks
they are free, but in fact we are being manipulated in a multitude of subtle ways,
which make us not free at all. I think more people should read these books. It's all
explained there. I would only add one thing: mathematics is playing a major role
in this "brave new world."

Q: When you talk about brilliant Sillicon Valley minds "creating machines onto
which they want to upload their brains" it is impossible not to think about
Hollywood science-fiction movies. How close are we from these 'almost human
robots' and how dangerous these experiments really are?

The current debate about the AI is very important, in my opinion. Unfortunately, it
is usually framed as the debate about the robots and about the future, which kind
of distracts the attention from the main issue: which is really about us, humans,
and about the present.
Leaving the AI development in the hands of a small number of unscrupulous
people and without proper oversight is very dangerous. This needs to be
addressed. And yes, robots can do harm to humans, and this is not science
fiction any more. In fact, according to various reports, fully automated missile
guiding systems already exist and possibly have already been deployed. What
this means is that potentially humans may be killed by what is in essence a
machine operating without human supervision. Again, I am not about some
distant sci-fi Hollywood future. I am talking about today. So this is serious.
But what I think is even more serious is this idea that is being instilled right now
in our society that a human is nothing but a machine. I think this is actually
closely connected to our general fear of math: When people fear something, they
start ascribing to it supernatural powers and they start worshipping it. So today
many people are starting to believe this nonsense that we are nothing but
machines, which is propagated, by the way, by those who have direct financial
interest in people believing this.
I think this is very dangerous. If we forget who we really are, if we forget our
humanity, then it seems to me it won't matter so much any more whether there
would be killer robots or not. We would already become slaves, regardless of
that.
So I see my job as not only to tell people how beautiful and powerful
mathematics is, but also to demystify it. When people see what mathematics
really is, and when they stop being afraid of it, they will realize that Life is much
more mysterious and precious than any equations.

Q: Staying with Hollywood (I hope you don't mind that) your op-ed for the
"Times" about Math working so perfectly - "Is the Unvierse a Simulation?" - made
me (and I bet a lot of readers) think of course, of "Matrix". Are we already living
in some world like the simulacrum one illustrated by the Wachowski brothers?
To me, "The Matrix" is not so much about a bunch of people lying in those liquidfilled vessels while they are imagining themselves in a computer program. To
me, "The Matrix" is about our fear, and about us becoming prisoners of our fears
without even being aware of it. This is not science fiction. This can happen in our
lives, in our society. And I think we are now at a crucial juncture where we can
stop this from happening. Or not.

