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Preamble

This course contains basic learning and self-management techniques that are essential to succeed in the
study of Mathematics at University level.
Here is an introductory video:

Figure 1: Introductory video to the course at https://www.youtube.com/watch?v=VFsMINQ72nU

This course is an initiative of Diversity-Equity-Inclusion at the Faculty of Mathematics of the University of
Vienna.

Special thanks to Kata Sebök (researcher in didactics of mathematis) and Roland Steinbauer (researcher in
mathematics) for all their ideas, insights and discussions.

AI was used to polish parts of the text.

3

https://www.youtube.com/watch?v=VFsMINQ72nU


Part I

Math
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Chapter 1

Elements of mathematics

1.1 Definitions: moving from vague language to precise mathematical for-
mulation

Moving from vague language and handwaving arguments to precise mathematical formulation is not easy.
The first and most important step towards it are definitions of mathematical objects or properties.

Definitions link common language with precise mathematical formulations.

For example, look at the definition of an even number:
Definition 1: An even number is an integer that is divisible by two.
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Notice that to understand this definition we need to know the definition of the mathematical object ‘integer’
and the definition of the mathematical property ’to be divisible by’. If we know these two definitions, we can
reformulate the previous definition as:
Definition 2: A number z is even if and only if z=2 2 Z.

You see the ‘if and only if’ in the definition gives a logical equivalence between the expression“z is even”
with the precise mathematical formulation “z=2 2 Z”.
As you can see from this example, sometimes one has to rework a definition to get to write in mathematical
symbols, as we did when we went from definition 1 to definition 2.
Notice further, that one can even rewrite the definition in an equivalent, but slightly different way:
Definition 3: A number z is even if and only if there exists and integer k such that z = 2k.

Definitions are your starting point

• If you want to learn to write in a mathematical way, you need to start from the definitions.

• Know definitions with precision. Learn how to express them mathematically (like going from
Definition 1 above to Definition 2 or 3).

• When solving exercises, for each mathematical object or property, you can only use their defi-
nitions. Anything else is not a mathematical argument.

Exercise. Express symbolically that a number is a multiple of 6.
Exercise. Express symbolically the idea that ‘an element belongs simultaneously to two sets’.
Exercise. LetA;B be two sets. An exercise asks as to prove thatA = B, what do we actually need to show?
Exercise. What is the definition of a function?

1.2 Assumptions

• An assumption is an statement p that we take to be true.

• An assumption is not true or false, it is an assumption. However, an assumption can be empty when
there is no case under which p is true, e.g. “Suppose x is a real number divisible by 0”.
When this happens, any claim coming from this assumption is useless.

1.3 Claims: lemma, proposition, theorem, corollary

Mathematical properties of mathematical objects are expressed through claims that must be proven using
logical arguments. Claims are classified as Lemmas (when they are auxiliary claims used to prove other
claims), Propositions and Theorems (which correspond to more important claims, and Corollaries, which
are direct consequences of Propositions and Theorems.

1.4 Proofs, logic and mathematical theories

We will see more of this in consequent chapters. What is important here is to remember that new math-
ematical knowledge is built upon previous one. This is why it is essential to have a good mathematical
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Figure 1.1: An example of mathematical objects built upon other mathematical objects. Source: https://
commons.wikimedia.org/wiki/File:Mathematical_implication_diagram-alt-large-print.svg

foundation to be able to pass future courses. So always do your best and learn as much as possible if you
do not want to struggle in upcoming semesters. See an example in Fig. 1.1.
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Chapter 2

Studying with structure

2.1 Warm up

Take the lecturenotesandconsider3-4pagesofwhat isgoing tobecovered in thenextclass. Take15minutes
to prepare the next class. A�er that, re�ect on your method by answering the following questions:

1. Strategy:

ˆ How did you read? Linearly? Did you give the same attention to everything or did you pay atten-
tion to some particular components?

ˆ Did you take notes or marked down the text? Which type of notes (questions, diagram, highlights,
underline) did you take?

ˆ With whichintentiondid you read? Trying to understand each concept? Trying to create a mental
map? Trying to understand line by line? Trying to relate to previous material? Trying to memo-
rize?

2. Evaluation:

ˆ How much do you recall? Try to write it down.

ˆ How helpful this study has been?

3. Emotions:

ˆ How did you feel as you were doing this exercise? (bored, excited, anxious, skeptical,...).

ˆ How focused were you while doing the exercise?

Revise a�er each class and prepare before the next class. Here you have a typical study plan, which you can
modify according to what works best for you.

2.2 A�er each theory class

Review the content of the class as follows:

1. Read the lecture notes. Identify de�nitions, examples, comments, properties, and proofs. You can
ignore or skim the proofs on the �rst reading. Prioritise learning de�nitions before moving to claims.

2. On successive readings, focus carefully on the proofs. Try to predict how the proofs unfold before
reading them fully.
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3. From these readings:

ˆ Take notes of anything that is unclear;

ˆ Create a mind map of key concepts and properties covered - see examples in �gures 2.1 and 2.2.

4. Look at the mind map without other notes:

ˆ Can you write every de�nition with precision?

ˆ Can you write the negation of a de�nition?

ˆ Can you provide examples of these de�nitions? (Perhaps from the exercise class?)

ˆ For every claim, can you write a full statement?

ˆ Why is the claim important? How does it relate to other concepts? How can it be applied?

ˆ How does this new theory connect to previous classes and concepts?

ˆ Do you understand every step of the proof of this claim?

ˆ Can you sketch the proof and outline the key steps?

ˆ Is the proof direct, indirect, or by contradiction?

5. Can you see from the mind map how all concepts are related?

6. Review the list of exercises assigned. Identify which theoretical concepts are needed to solve each
problem.

Figure 2.1: Example of a summary from a chapter in Logic. The numbers in `3.1 Boolean algebra' and `3.2.2
Quantors' indicate the sections in the lecture notes where further information can be found. `Exercises 14-
21' at top indicates which exercises cover this topic.

This other examples of a mind map connects di�erent mathematical objects and their properties (from a
course on Functional analysis).
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