
BAYESIANISM
▪ (methods)
▪ Parameter confidence
▪ Model choice: model weighting

FREQUENTISM
▪ (methods)
▪ Parameter confidence
▪ Model choice: hypothesis testing

EMPIRICISM
▪ Evaluating model fit
▪ Model choice: holdout evaluation

PUTTING THE JIGSAW TOGETHER

The Generalization Jigsaw



AN ILLUSTRATIVE THOUGHT EXPERIMENT

hypothesis testing
I could test the hypothesis 
that the coin is unbiased.

generalization
For this dataset, the probability of 
heads was 𝑝=25%. Can I conclude 
that the true value of 𝑝 is 25%? No!

holdout set / model choice
I could test whether the 𝑝=25% 
model or the 𝑝=50% model fits 
better on a holdout dataset.

confidence intervals
Can I quantify how confident 
I am about 𝑝=25% ?

I tossed four coins 
and got one head.
Is this coin biased?



The Bayesianist approach to confidence intervals
By using random variables for unknown quantities, 
we can reason about evidence and degree-of-belief.

Θ

𝑋

probability of 
heads, unknown

number of heads 
from 4 coin tosses

We don’t know the value of Θ.
So let’s treat it as a random variable.

We observed 𝑋 = 1

We can use Bayes’s rule to work out 
what this tells us about the unknown 
parameter’s value …

We’ll start by stating our prior belief.
Say, Θ ∈ {0.25, 0.5, 0.75}, each equally likely.

prior 
belief

data

posterior 
belief

+



prior belief
PrΘ 𝜃

𝜃 𝜃

Θ

𝑋

∼ 𝑈[0,1]

∼ Bin(𝑛, Θ)

+ 
data

𝑥
 →  

posterior belief
PrΘ 𝜃 𝑋 = 𝑥

to express complete prior 
ignorance about 𝜃



Bayes’s rule for random variables

ℙ 𝑋 = 𝑥 𝑌 = 𝑦 =
ℙ 𝑋 = 𝑥  ℙ 𝑌 = 𝑦 𝑋 = 𝑥)

ℙ(𝑌 = 𝑦)

Bayesianism
Whenever there’s an unknown parameter, 
you should express your uncertainty about it 
by treating it as a random variable.

Reverend Thomas 
Bayes, 1701–1761

works when X or Y or both are 
continuous random variables
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