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1 Introduction to Introduction

I developed this introduction to teaching in the scope of a supervised teaching programme at TU München in which
master students make their potentially first steps/experiences with giving tutorials. When you have never taught
before (and even if you have), there are many things that can go wrong—or at least sub-optimal—in a course. In the
following, I want to provide a brief checklist to

• think over your teaching, e.g. after having given a course and wondering why the students acted as interactive
as a trunk in the basement,

• indeed give an introduction and overview, i.e. talk about issues that I consider important for successful teaching,

• give you an idea of things that can have a crucial impact on your teaching and the learning experiences of
students.

For sure, this intro is not extensive – there are zillions of things that can affect a course and your own teaching.
Some aspects on teaching that you find below are well-established facts, some may sound obvious (but I consider

them worth to be repeated), and some also represent my personal view on teaching — disclaimer alert! If you want
to learn more about teaching and details on specific parts of this intro, I suggest (for TUM people) to browse the
websites of ProLehre (prolehre.tum.de) and checkout their course program.

2 Presentation Slides and Talks

Practice your talk!
In many lectures and tutorials, slides are used for presentation. Especially for Newbies, just putting up the slides and
starting an unprepared talk typically ends in a disaster: you have to find the right words, you may start stuttering
when you do not find them, you potentially miss important things or you repeat other things over and over again, and
so forth. In case you take over existing slides from the predecessor, this may be even worse. Practicing the talk in
advance helps you to get familiar with the material and the slides, and it also allows you to adapt the slides so that
you feel comfortable with them during the actual talk. Besides, you can check the time that you need for your talk,
and adapt the contents for the respective time slot of the lecture/tutorial.

Make sure you have a correct order of slides!
If someone asks “And what about X?” in your lecture, and you have to admit that “I cover this in three slides!”,
the order of slides is most probably wrong. Double-check that what you say and explain fits the overall pipeline of
understanding the respective topic. Again, practicing (see above) helps to smoothen this issue.

Don’t spend less than 2-3 minutes per slide!
Yes, there are examples where you can indeed only invest a minute for a single slide (e.g., when showing a simple
illustrative example as brief appetizer or add-on example). But if the students find themselves in a personalized flash
movie with 10 slides per minute rushing over the screen, this is not helpful at all. Just remember what happens when
you see a slide for the first time: you notice the illustrations, you start browsing the text and in addition, you try to
listen what the guy in front tells you. So, there are many impressions coming with a single slide, and it takes a while
to cope with all of them. 2-3 minutes is typically a good minimal frame for a slide, more time is definitely also fine!

No overloaded slides!
Talking about impressions, just think about what happens if you’re spoiled with a slide which looks like a Japanese
shopping and business district (cf. Fig. 1): it takes a while until you filtered the important information (e.g., the
Godzilla monster which steps towards you), due to the tons of ads. Keep your slides focussed on the important aspects
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Figure 1: Japanese Shopping Street

that you want to tell students. It is also a good idea to abstain from putting full sentences on slides — nobody wants
to read novels when browsing slides.

Use colours!
Colours are highly welcome in presentation slides to highlight important aspects, to illustrate contrasts (good vs. bad,
fast vs. slow,...), and so forth. So you should use them. As usual: don’t use bad combinations such as yellow on white
background, and also be aware that not all colour combinations which at a first glance sound good to you may be
the best choice for everyone: using red and green to separate good from bad software design approaches may sound
reasonable, but it’s not helpful for people who suffer red-green colour blindness.

Use readable font sizes!
Make sure that the font size on your slides is big enough so that even the guys in the back-row can easily read the text.
In particular, check this in your graphs and figures. There are tons of suggestions on how to choose the optimal font
size if you browse the web. My suggestion: prepare the slides “reasonably”, and then just double-check the readability
in the respective lecture hall that your lecture will take place in. This does not only help to figure out the font size,
but also gives you a clue on the colour contrasts, makes you familiar with the projector in the room, etc.

3 Using White- and Blackboards

Many aspects on preparation of presentation slides actually also carries over to working with white- or blackboards –
though, writing and talking at the same time is much more of a challenge!

Don’t talk to the whiteboard – talk to the audience!
First of all, you want to address the people sitting in the lecture hall, and not the hall’s walls. Second, it’s hard to
hear you when you talk in the wrong direction. I suggest to separate talking and writing as much as possible (for
Newbies), or to literally repeat what you write when you write.

Use colours!
I know we had this before – but it is important enough to be repeated at this stage! Just remember the classical math
talk where you face 6 blackboards filled with white-chalked complex formulas and try to figure out at which stage you
got lost: was it on board no 1, line 7 or rather board no 3, line 5?

Structure your presentation!
Presentation slides already provide you with a certain frame to structure your talk: you prepare them beforehand
and if one slide is not sufficient, you just put in a second one. On whiteboards, one easily tends to spaghetti
writings. Thinking of a clear structuring is hence extremely important when you lecture at a whiteboard. Bottom
line: think through your “whiteboard lecture” beforehand, make sketches to structure what you want to present on
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the whiteboard on paper, and abstain from using every free, tiny-sized spot on the whiteboard to illustrate another
detail of the explained matter.

Juppie, you got a break!
In contrast to slides, wiping the whiteboard does not only give you a break, but it is also a break for the students.
And this is actually good since nobody can concentrate longer than 20 minutes (or even less ;-) ) on a certain matter.
So, don’t worry about this break of potentially awkward silence – it helps everyone to relax, briefly reflect the last few
minutes, and it can also help you to sort your thoughts and silently prepare your upcoming explanations.

4 Taking Questions from the Audience

Questions naturally arise in basically every lecture or tutorial. And answering them immediately (or after finishing
your current slide) seems natural: if something is not clear to one student, it might also not be clear to others, and
potentially all of them need to get this thing answered before they can understand all other parts and relations that
you taught them. So: take your time for answering, this is what the students currently need!

No matter how well prepared and how brillant you are, it can happen that a question pops up that you cannot
immediately answer. Reasons are diverse: either there’s not enough time to give a satisfactory answer, it is a very
specific question that is only of interest to this particular student, or you just don’t know. How can you cope with it?

• If the question requires a long answer which is barely relevant for other students: shift the discussion to the end
of the lecture.

• If you don’t know, be honest. Giving a bad answer does neither help your reputation as lecturer nor does it help
the student who asked. I fancy the approach “I can’t tell you now, but I’ll look it up and we’ll discuss it next
time.” This gives you time to look things up :-) and still satisfies the student’s hunger for knowledge.

5 The Core Part: Make People Learn and Remember

Clearly define what you want students to learn and take home from a particular session!
This requires some preparation: formulate the learning outcomes, and build your course around those; in a nutshell:
what should the students take home from this course? How do I achieve this? IMHO, this is basically the very first
and most important step towards a good lecture/tutorial. To convince the sceptic people: if you are not completely
sure on the most important points of a course session, how should the student find out about them?

Levels of learning
Without going into details, you can basically divide learning into separate (subsequent) steps: remembering, under-
standing, applying, analyzing, evaluating, creating (for details, you can check the web for “Bloom’s taxonomy”). Most
tutorials typically foster efforts for remembering, understanding, and some application (e.g. small hands-on sessions
etc). Going further is possible, but tedious (also w.r.t. the fact of having people with very heterogeneous knowledge
and capabilities in your classroom). When you formulate your learning outcomes, make sure to address the matter on
the right level and step through this hierarchy.

Repeat, repeat, ... and, uh, repeat!
How can you help students to go through the different levels of learning? Similar to Super Mario Land, you only level
up, when you successfully completed the levels before. And for this, much practice and consolidation is required.

One important aspect of consolidation is repetition. Repeating material is possible at several stages:

• You can pick up a certain idea in different contexts.

• You can ask a question on a specific matter, e.g. after a short break.

• You can have short repetition phase at the beginning of the next course session (highly recommended!).

There is no fixed format for successful repetition: playing a brief game with the students (e.g., “Who wants to be
a millionaire?”), powerpoint karaoke (put up “random” slides of last course and ask audience to tell you about the
slide’s contents), one-minute papers (e.g., “Everybody, describe 3 numerical solvers, each with one sentence, for the
Poisson problem.”), giving a short review yourself, asking questions (“What’s the difference between X and Y?”) —
everything is allowed ;-) as long as it helps students to remember things.

“Oh, do pay attention, Wadsworth! I know it’s Friday after– Oh, watching the football, are you boy?”
Keeping the audience focussed throughout a course is basically impossible if you give a 90-minute-non-stop-stand-up
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presentation. People rarely concentrate longer than 20 minutes on a particular issue. So, what can you do? After 20
minutes:

• Have a break, have ... concentration! Just let people relax for 2 minutes, open up the windows (if any), and
then continue. Everyone will be grateful!

• Play a short game (see also section on repetition).

• Tell a short anecdote (“Each time when I handle topic X, this actually reminds me of a funny thing that happened
on a conference last year...”).

• Change the presentation style, e.g. move away from slides and do some more illustratory explanations at the
whiteboard.

• Have a brief hands-on experience: this can be a short programming exercise, a question that people can google
on their smartphones, or a 2-minute discussion of each student with his neighbour on topic X. Be creative!

By the way: did you notice the repetition (there was this 20-minute thingy before...)?

Interacting with students or “Why, the hell, does nobody reply to my questions?”
Once upon a time, there was a new born lecturer. The lecturer wanted to interact with his students. First of all,
interactive lectures would be more dynamic and more lively. Second, the lecturer would obtain direct feedback from
the students: what did they understand, which topics seem to be difficult etc. So, the lecturer asked questions to his
students. But he never got any reply. The lecturer became very sad. Probably the students did not like him. So, he
fell back to 90-minute non-stop plenary lectures, and lived unhappily ever after.

There are a dozen of things that can go wrong in the interaction with the crowd. First of all, questions posed to
the audience need to be well prepared:

• What is the outcome of the question? Do you pose the question to start a discussion? Do you want to repeat
parts of the lecture? Is it a purely decision-based question (“Is statement A correct? Is A or B correct?”)?

• Who is supposed to give the answer? Is it individuals of the crowd or everyone?

• And most importantly: how do you phrase the question such that everyone understands what you mean? (How)
Can you re-phrase it if the students do not understand what you actually want to ask?

• Can you simplify the question if it turns out that the question is too hard for the audience? E.g., can you reduce
an explanatory question to a decision-based question (“Is it type A,B,C, or D?”)?

Second, give students enough time to come up with an answer. Let’s analyse what happens in a student’s mind when
you pose a perfectly prepared question:

1. The student listens to the question.

2. The student tries to understand and analyse the core of the question.

3. The student starts thinking of a solution.

4. The student comes up with a solution and formulates a potential answer in his mind.

5. The student forces himself to answer the question in front of the crowd.

6. The student raises his hand to give the answer.

Just considering those six steps shows that there’s quite some time required to come up with an answer. Typically
20-30 seconds are a good estimate to allow students to carry out those steps (depending on the type of question,
difficulty level and so forth, it might also be more).

Third, motivate students to give answers. In particular, do not turn anybody down if he gives a wrong answer.
Turning a person down will not only make this person never answer a question again (as he just got embarrassed in
front of the whole audience), the whole audience will not give answers anymore since nobody wants to be turned down
in future! Remember also that it takes some courage to stand up in a big group for a personal statement (though it
might just be an answer to a simple question). Personally, I strive for group questions at the beginning, e.g. everyone
can give an answer by raising his hand. This increases the courage within the crowd and self-confidence — if a student
already gave the right answers in the group question phase, he might also answer a question later on.

Still, there’s a problem: What should you do if someone gives a wrong answer? Is it already bad to correct the
student in front of all the others? Will this discourage the students? Personal opinion: yes, if you roll your eyes and
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moan “This is wrong!”; typically no, if you smile and say gently “Nope; but very close!”; and definitely no, if you can
go the way of exploring the answer: “Hmm; how do you come to this conclusion? Can you explain your answer in
more detail?” This gives the student the possibility to argue, and you can find out at which point the student made
an invalid assumption, correct this one, and so let the student/the audience find the correct answer. If our new born
lecturer from above would have just known about all this...

By the way, referring to a paper by Maike Looß on learning styles: based on empirical investigations, we remember

• 10% of what we read,

• 20% of what we listen to,

• 30% of what we see,

• 50% of what we see and listen to,

• 70% of what we say ourselves, and

• 90% of what we do.

What a motivation for an interactive course!

A picture says more than a thousand words!
Every time I hear the song “Break stuff” by Limp Bizkit, this reminds me of the good old days at school when we
went to town on weekends, had some drinks and enjoyed life. In the same way, I’m sure you remember some events,
associated to songs, movies, things, food, and so forth.

People remember and learn by associations, memory hooks, anecdotes. So, why not use this for your teaching?
You can use metaphores and pictures/illustrations to point out certain facts. Whether you use a marching band
stepping up to explain multigrid (A. Brandt), two guys dating infinitely many women to explore the weak formulation
of PDEs (H. Bungartz), or a medieval attack on a castle to describe Lattice Boltzmann algorithms (me) — everything
is allowed to make people remember and understand!

Those examples also help to reduce complex matter to very simple, essential illustrations. Sure, not every picture
corresponds to 100% to your particular problem — but for some aspects of it, it will do! Another nice aspect of
metaphores is that they are pretty entertaining, so you will easily catch the students’ attention. Learning is so much
easier, when it’s fun!

6 The Voice

You can prepare a great lecture — perfect slides, awesome questions for interaction, incredible metaphores — which
will still end in a disaster if nobody can hear a single word you say. Typically, low voices are one of the most common
issues when people step up for their first teaching. Good news: this issue is very easy to detect. Just ask your audience
after the first few minutes (e.g., after a brief introduction) whether they can hear you. And that’s it.

Other matters comprise the opposite (if you literally shout into the faces of the front row, the students in that
row will not be that amused), very high voices, unstructured sentences (“Next, hmm, I wanted to...or I better start
with... a no, I think, it’s fine if I first dive into matter X.”), or no/unnatural accentuation (if people do not hear when
a sentence stops and another one starts, it’s pretty hard to follow). My suggestion: think of what you want to say in
advance, and use simple, clearly structured sentences.

Finally, make sure that you do not turn into Beverly Hills Cop: speaking too fast can easily happen, in particular
when you are nervous. It is not only hard to listen to people who speak very fast; if there is any kind of echo in the
lecture hall, no one will understand a single word you say.

7 And Finally...

So, there are many things that play a crucial role in teaching. And everybody has his or her own style. So, don’t
start playing roles when you teach. Be yourself, find out which teaching attitude fits for you. If you want to improve
your skills and feel that one or the other thing mentioned above could be done differently, do not try to focus on all of
these aspects. If you are completely familiar with the course contents and feel comfortable enough in the class room,
just go for 1-2 aspects that you want do differently and pay attention to those during your next lecture.

That’s it! Wish you good luck in the class rooms,
have a good one,
Philipp
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