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Prediction

We’ve built a model:
y = Xβ + 
Now given a new vector of values of the explanatories x0 we can
predict the response
yˆ0 = xT0 β̂
But what is the uncertainty in this prediction?
Two kinds:
I
I

prediction of the mean response
prediction of a future observation

Faraway example
Suppose we have bulit a regression model that predicts the rental
price of houses in a given area based on predictors such as the
number of bedrooms and closeness to a major highway.
Two kinds of predictions:
I

Suppose a specific house comes on the market with
characteristics x0 . It’s rental price will be xT0 β + . Since,
E () = 0 our predicted price will be xT0 β̂, but in assessing the
variance of this prediction, we must include an estimate of .
Our uncertianty comes from our uncertainty in our estimates,
as well as the variability of the response about its mean

I

Suppose we ask the question – “What would a house with
characteristics x0 rent for on average?” This price is xT0 β and
is again predicted by xT0 β̂ but now only variance in β̂ needs to
be taken into account. Our uncertianty only comes from our
uncertainty in our estimates





Var xT0 β̂ = xT0 (X T X)−1 x0 σ 2
Assuming future  is independent of β̂ a prediction interval for a
future response is:
yˆ0 ±

(α/2)
tn−p σ̂

q

1 + xT0 (X T X)−1 x0

A confidence interval for the mean response is:
(α/2)

q

yˆ0 ± tn−p σ̂ xT0 (X T X)−1 x0
which will always be narrower.

Work through Faraway’s example

Normally, we would start with an exploratory analysis of
the data and a detailed consideration of what model to use
but let’s be rash and just fit a model and start predicting.
Grab code from class website:
http://cwick.co.nz/lectures/11-faraway-fat.R
We are interested in predicting body fat (%) as a function of
physical measurements (e.g. weight, height, circumference of hip,
etc.)

Your Turn #1

?fat

Take a quick read through of the documentation on this dataset.
In context of the data (discuss with your neighbours):
I
I

What would a confidence interval on the mean response tell
us? When might it be useful?
What would a prediction interval on a response tell us? When
might it be useful?

Your Turn #2

Go through the code. Discuss each step:
I
I
I

what is happening conceptually?
what is the code doing?
are their other ways to do it?

There are three questions for you in the code. Work with your
neighbours to answer them.

Notes

I

Prediction intervals become wider the further we are from
observed values of the predictors.

I

These intervals depend on the model being correctly specified.
In practice, you never know the true model. We do our best to
specify a good model but there is always uncertainty in the
form of the model.
This model uncertainty is not reflected in these intervals. We
take into account parameter uncertainty, but model uncertainty
is harder to quantify.

What can go wrong with predictions?

1. Bad model
2. Quantitative extrapolation (explanatory values beyond those
observed)
3. Qualitative extrapolation (situations beyond those which
generated the data, i.e. extrapolation to a different population)
4. Overconfidence due to overfitting
5. Black swans (very unusual events that don’t occur in sample,
but do occasionally occur)

