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How will we teach?

NLH and CC will split lectures and exercise-sessions between
themselves (for example we might start with Nils having the
lectures and CC going through exercises and then switch at
some point during the semester);

Usual format: 2 hours lecturing + 1 hours exercises;

Wednesdays from 12:15 to 15:00;
Digital or physical?

Plan A: physical lectures in VB 4 from the 20th of January.
Primarily on the black board, but we might do the exercises on
the smart board (and upload these notes to the semester
page). In addition we provide a short summary of the topic of
the lecture on the semester page, with references to the
relevant pages/chapters in the book.
Plan B: some form of digital lectures until we are allowed to do
physical lectures. Most probably live zoom lectures.

Please fill out the short questionnaire (if you did not already
do it).
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https://nettskjema.no/a/179536


Plan for today

More practicalities

What will the course be about?

Preliminary curriculum and lecture plan

Starting a bit on the basics of maximum likelihood and the
AIC
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More practicalities (1)

STK4160 vs STK9160: same curriculum, but the PhD
students have to do something extra (= give an oral
presentation about some model selection topic to the students
and teachers).

Exam? The format depends a bit on the number of students,
but in the last years we have had:

Part 1: The project;
Part 2: 4 hours written exam (alternative: oral examination).
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More practicalities (2)

Expected background knowledge:

“Basic” statistics: know what it is about, some experience
with various types of models, model fitting, maximum
likelihood (Bayes),...
Programming skills: using some sort of flexible software where
you can write down your own likelihoods and fit them. We will
use R! (and we will provide code solutions to some exercises).
Mathematical skills: analysis, linear algebra,...
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More practicalities (3)

Buy it or get it online through the UiO library.

Download Nils Exercises and Lecture Notes (may be updated
throughout the semester).
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https://www.uio.no/studier/emner/matnat/math/STK4160/v21/exercises_stk4160_2021a.pdf


What is the course about? (1)

Model selection is extremely widespread:

every time you do a statistical analysis you are usually also
doing some form of model selection (either formally or
informally);

there are many different procedures/frameworks for doing
model selection.

In practice, model selection will usually consist of two parts:

an “algorithm” for exploring the space of models;

a criterion for ranking models.

In this course we will not deal much with the first part, but
extensively with the second. You will learn about some common
model selection criteria (AIC, BIC and FIC), and in particular we
will focus on understanding

their mathematical motivation, and

the consequences of using them.
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What is the course about? (2)

More generally, we will also reflect about why we do model
selection in the first place (there are different reasons) and the
consequences of doing model selection (in a general sense).

We will learn about what we can hope to gain by the model
selection, and what we risk to lose.
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Preliminary curriculum

The following chapters of the book will constitute the main part of
the curriculum:

1. General introduction to model selection through examples
(this is part of the curriculum, but we will not go through
every page);

2. AIC (including some important results from maximum
likelihood theory);

3. BIC;
4. Comparisons between different criteria (only a small part of

this chapter will be in the curriculum);
5. Big vs small;
6. FIC;
7. Model averaging, including the “the quiet scandal of

Statistics” (and here might add some additional literature);
8. [Goodness-of-fit: not part of the curriculum];
9. Going back to the examples in Chapter 1 (curriculum, but we

will not go through every page).
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Tentative lecture plan

See the schedule on the semester page.

Note that:

we will update the plan throughout the semester;

there are more lectures than in previous days, so one or two
may be cancelled.
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https://www.uio.no/studier/emner/matnat/math/STK4160/v21/timeplan/index.html


Maximum likelihood: some basics (1)

Say we have data y1, . . . , yn iid from a distribution with density
f (y , θ) (θ of dimension p). We want:

a good estimate of θ,

and an idea of the uncertainty around that estimate.

As long as you can programme the log-likelihood and maximise it:
you are in business! (almost always)

`n(θ) = log L(θ) = log fjoint(data, θ) = log
n∏

i=1

f (yi , θ) =
n∑

i=1

log f (yi , θ)

Maximise it, or more commonly minimize the negative
log-likelihood, with your favourite optimiser in R: nlm, optim,
nlminb,...
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Maximum likelihood: some basics (2)

From your optimiser you get the maximum likelihood estimate θ̂

and the hessian matrix Ĵ,

Var(θ̂) ≈ Ĵ−1.

More on this next time!
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AIC

Now, maybe you have two candidate models, f1(y , θ) (θ of
dimension p1) and f2(y , γ) (γ of dimension p2), for the data and
you which to know which of these is “the best”, then you can use
AIC!

AIC1 = 2`1,max − 2p1

AIC2 = 2`2,max − 2p2

And choose the model with the largest AIC value.
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Example: Two binomials

x ∼ Bin(n, p), y ∼ Bin(n, q)

You observe x = 10 and y = 15, for n = 25.
Should we think p = q, or p 6= q?
Answer 1: test H0, that p = q, find p-value, etc.
Answer 2: compare Model 1, that p 6= q, with Model 2, that
p = q, and use AIC.

Binomial log-likelihood: x log p + (n− x) log(1− p), maximised for
p̂ = x/n:

`max = x log p̂ + (n − x) log(1− p̂).
Easy exercise gives `1,max and `2,max for Models 1 and 2. Then
AIC1 = 2`1,max − 2 · 2 = −71.301
AIC2 = 2`2,max − 2 · 1 = −71.314
So we are led to think p 6= q, but just barely so.

15/16



Exercise for next time

Nils Exercise 4 - Egyptian lifetimes.
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https://www.uio.no/studier/emner/matnat/math/STK4160/v21/exercises_stk4160_2021a.pdf

