
SDPE Mathematics II, Fall 2013

Assignment 2∗

15 oktober 2013

Exercise 1

The task of this exercise is to illustrate convergence of relative frequencies. When we
talked about how to interpret the word �probability�, I sketched a few �ctive plots
showing how the relative frequency of an event might develop as the number of expe-
riments grows. Such plots illustrate the usefulness of the idea of probability. If many
people make their own series of experiments, their plots will be very di�erent in the left
part, (for small numbers of experiments) but they will become more and more similar in
the right part. All the plots should exhibit a tendency to ��atten out� (in mathematical
terms: tend to a limit value). Experience shows that in many important applications
the limit value is �objective� in the sense that it is always the same. This constant limit
value we can then agree to call the probability of the event.

When I was a student, our professor had us do long series of throwing a drawing-pin
(Swedish häftstift), registering whether it fell with the pin pointing up or touching the
table. By hand we then constructed plots for the relative frequency of �pointing up�.
We do not use such old-fashioned methods any more, but instead we take a computer
to aid us.

Suppose we make 100 experiments where each either take the value 0 or 1 with
equal probability. After each experiment, we want to register the mean value up to
and including the latest experiment (see the Rhelp-�le). Your task is to use R to plot
two sequences of this type, hand in those plots, and also answer the following questions.

(a): After 100 experiments, the relative frequency is probably not exactly 50%. What
is it in your two series?

(b): Run two series containing 500 experiments each. What are the relative frequencies
at the ends of them? (You do not need to show the plots).

∗Send your solutions to sirus.dehdari@ne.su.se before October 28.
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http://sirusdehdari.files.wordpress.com/2013/09/rhelp4.pdf


Exercise 2

Let a random experiment be the cast of two dice. The random variable X is a function
for the observed number of spots (on the sides facing up).

(a): What is the outcome space of this experiment? What is the space of the random
variable X?

(b): Assume the dice are fair. In a table, present the probabilities associated with each
outcome.

(c): What is the probability that X is an odd number?

(d): Calculate the mean and standard deviation of X. (Hint: use E [(X −E [X])2] to
get the variance of X).

(e): In R, simulate 100 realizations of this experiment and calculate the mean, standard
deviation and median. Are the mean and median close to the values in (d)? What about
the standard deviation?

Exercise 3

To get unbiased estimates of a certain population parameter, it is important that the
statistical analysis is made on a representative sample, that is, a random sample where
each observation (individual) in the population have an equal probability of being pic-
ked. Otherwise, your estimate will su�er from selection bias and its expected value will
not be equal to the true population parameter. To demonstrate this, use wdata.txt

and give each observation a weight according to

ωi =
exp (educi)

∑100
k=1 exp (educk)

∀i ∈ {1, . . . ,100} .

The vector ω = {ω1, . . . , ω100} will give a larger weight to individuals with a relatively
higher education. Use this as the probability vector in sample() to draw 100 observa-
tions (with replacement) from the data. With this new data, calculate β̂ = (X ′X)−1X ′y
and compare it to your results from Assignment 1, exercise 2. Is this new estimate smal-
ler or greater than the previous one? If yes, why do you think they di�er? Present the
new estimates together with the ones you got in Assignment 1.
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