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There’s more to mathematics than grades and exams
and methods

When you have mastered numbers, you will in fact no longer be reading numbers,
any more than you read words when reading books. You will be reading meanings.
(W. E. B. Du Bois)

When learning mathematics as an undergraduate student, there is often a heavy emphasis on grade averages,
and on exams which often emphasize memorisation of techniques and theory than on actual conceptual
understanding, or on either intellectual or intuitive thought. There are good reasons for this; there is a certain
amount of theory and technique that must be practiced before one can really get anywhere in mathematics
(much as there is a certain amount of drill required before one can play a musical instrument well). It doesn’t
matter how much innate mathematical talent and intuition you have; if you are unable to, say, compute a
multidimensional integral, manipulate matrix equations, understand abstract definitions, or correctly set up a
proof by induction, then it is unlikely that you will be able to work effectively with higher mathematics.

However, as you transition to graduate school you will see that there is a higher level of learning (and more
importantly, doing) mathematics, which requires more of your intellectual faculties than merely the ability to
memorise and study, or to copy an existing argument or worked example. This often necessitates that one
discards (or at least revises) many undergraduate study habits; there is a much greater need for self-motivated
study and experimentation to advance your own understanding, than to simply focus on artificial benchmarks
such as examinations.

It is also worth noting that even one’s own personal benchmarks, such as the number of theorems and proofs
from <standard reference text in your field> you have memorised, or how quickly one can solve qualifying
exam problems, should also not be overemphasised in one’s personal study at the expense of actually learning
the underlying mathematics, lest one fall prey to Goodhart’s law.  Such metrics can be useful as a rough
assessment of your understanding of a subject, but they should not become the primary goal of one’s study.

Whereas at the undergraduate level and below one is mostly taught highly developed and polished theories of
mathematics, which were mostly worked out decades or even centuries ago, at the graduate level you will begin
to see the cutting-edge, “live” stuff – and it may be significantly different (and more fun) to what you are used
to as an undergraduate! (But you can’t skip the undergraduate step – you have to learn to walk before
attempting to fly.)

See also “there’s more to mathematics than rigour and proofs“.

I also recommend Keith Devlin’s opinion piece “In Math You Have to Remember; In Other Subjects You Can
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Hi Prof Tao,

I have one question regarding learning of Mathematics. I am now currently first year
undergraduate pursuing quantitative economics.

Consider now I am self-studying Calculus 1 ,2 and 3, would you recommend studying the Calculus in a
conceptual way or rather the theory and rote learning way?

It takes me a lot of time to learn conceptually,but somehow I do not know the tradeoff between learning
conceptually and the time is really worth it.However,learning conceptually helps me understand Calculus a lot
more.I can understand multiple integrals but I cannot really grasp the concept of Calculus 2,since the Calculus 2
is more on technique to solve the problem rather than teaching the concepts.

I am rather stuck at this point now.
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[...] problems to unsolved problems, is certainly an important aspect of mathematics, though definitely not the only one. Later in your
research career, you will find that problems are mainly solved by knowledge [...]
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Sir,
I’m a final year undergraduate student of Mathematics from Kerala, India. I’m one of
those who really love Mathematics. Now I wanna learn something more Mathematics. But,

I’ve got only 62% marks for my subsidiary subjects. I had applied for an integrated Ph.D course in TIFR, India.
I’ve cleared the written exam and have been called for an interview. It’s scheduled to be on the next week. But, I
wanna know whether I’m eligible to do such a course, I don’t know whether they would reject me because of
my poor marks in the subsidiary subjects.

Think About it“.  (Note: the title of the piece is actually the opposite of Devlin’s (and my) opinion; read the
article for the explanation.)
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Actually I don’t care about exams, sir. That’s why I got such marks. I believed that these marks doesn’t have
anything to do with Mathematics. I think we only need to have much more interest and little talents to do
Mathematics. I think what all we need is to have the mind of a Mathematician to learn Mathematics effectively.
And I wanna be a Mathematics student till my death sir. It’s my ambition. But, because of my marks I think I
won’t get an admission in any good institutions. So now I think that there’s “much more to marks and grades
than our interest in Mathematics.” Do you think that I can reach my goal..?
I’m one of your big fans sir. We’re really thankful to you for providing these helpful knowledge. Can you please
give me an advice regarding my further studies, sir..
Janson.
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Can you please give me a reply on my question, sir..
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Hi,
I´ve just entered in a university (by the way, in Physics, but I always took more
math subjects), however, at least in the universities of my country, people be more

concerned about grades then in self-studying or understanding rigorously. I like to study for me and enjoy (for
instance, I hate calculatory exercises) and not for some exam. It looks like good, appartently, however I´m
finding difficult in maintain my grades in a high level. Should I stop studying for me and, instead of it, study
more for exams (that´s what some teachers said to me)?
Apparently, people in my country prefer succeding in the carrer then in studying for your own formation (a lot
of people get high grades absent the knowledge about the things learned, they just apply an algorithm, however,
in general, they don´t know why it works) , but I think that this actions make the reason of why I like and study
mathematics become empty. I like to think and open my mind, I don´t want to be stuck and limited to this
context. Any advice?
And sorry for my bad english.
Thanks anyway.
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[...] questions”, la perdición de más de un estudiante de grado. (Ver
también: “There’s more to maths than grades and exams and

methods“.) Pero la transición de la segunda etapa a la tercera es igual de importante, y no debería [...]
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i love to know about maths and to learn maths and maths is a fun subject butt for
me is hard cause i dont understand the questions so thats why i want to study
more about maths
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thank you professor tao! excellent blog!
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[…] Source:
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That link to “In Math You Have to Remember; In Other Subjects You Can Think
About it“ is broken. I think it’s been moved to
http://www.maa.org/external_archive/devlin/devlin_06_10.html

[Corrected, thanks - T.]
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