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A formula sheet is added. A regular scientific calculator is allowed, a programmable calculator
(“GR?) is not. No tables of probability distributions are needed for the test. R

PART A: BASIC CONCEPTS

—& (T Point) Explain in words what a confidence interval is.

7 T1 Point) Consider the following situation: we first compute sample mean andsamplemediﬁn
from data, then a new data point arrives, and finally we recompute the sample mean and
sample median taking the new data set {(which now includes the new point) into cansideratwh .
Do you expect the sample mean, or the sample median, to have changed more during the |
recomputation? Illustrate with an example. _ e

MH;] Define the Type II error of a hypothesis test.

—_d}AT Point) Assume that T is a sufficient statistic for a parameter ¢. For which values of a
constant ¢ € R is ¢TI guaranteed to be a sufficient statistic for ¢?

——7 1 Point) In linear regression, what is the difference between a response and an explanatory
variable?

Mﬂt} Why is the sign test on the median sometimes preferred (over competing ap-

proaches)?

PART B: VISUALIZATION OF DATA

~(2 Point) A coin is tossed three times. We record a zero (0) wheneverhaadam
and a one (1) whenever tails is observed, so for example HHT th&kF
different boxplots that could be obtained from the data of this experiment.

" where we have many iﬂd?PEﬂdﬂﬂt samples generated ac
on the interval [0, 1]7

oint) How do you expect the histogram and thﬂhﬁxphhm uld look |

PART C: THEORY



/a)’ﬁaints) What is the likelihood ratio test (i.e. the Neyman Pearso
problem? Describe the form of the rejection region. ' )

(2 Points) Consider the significance level @ — 5%

and suppose that the obs
X = 0.7. Conclude the hypothesis test.

__S~ABonus of 1 Point) If the observation is X = 0.7, what is the p-value of the test?

2. Until 2013, a certain country held presidential elections according to the “first
voluntarily, then vote obligatorily” system. The turnout (number of voters) duri
latest elections that took place using this system were: |

7.055.128, 7.178.727, 6.942.041, 6.959.413, 6.977.544, 6.958.972

In 2013 the same country changed to a “first register obligatorily, then vote voluntarily”

system. The turnout in the four elections that have taken place under th;snng
are:

6.699.011, 5.697.751, 6.703.327, 7.032.878

/{)"(T;;n_r;J Assuming that the turnout of elections are independent, normally distributed
random variables with a known standard deviation of 500 .000, propose a hypothesis test
to cl whether the turnout decreased under the new system. Provide your reasoning.

Points) Complete your hypothesis test with a siginifance level of a = 5%. You m Y -

use that P(Z < 1.645) = 95% if Z is approximately A(0, 1)-distributed.

3. (Continuation of Question 2) In fact the country under consideration has always used a 2=
round election procedure. This means that in every election year (1999,2005,2009.
there is a first round where voters choose two candidates, and then a second round
voters choose one of the two candidates to become the next president. The data
summarized as follows:

[ 1999 2005 2009 2013
| First Round | 7.055.128 | 6.942.041 | 6.977.544 | 6.699.011
| Second Round | 7.178.727 | 6.959.413 | 6.958.972 | 5.697.751
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/Mﬁiﬂts] Propose a suitable hypothesis test to check whether there

voter turnout during the second rounds (compared to the first
the number of votes is approximately Normal distributed with and unk
Your answer should be as detailed as possible.

oints) Propose a suitable hypothesis test to check whether
in voter turnout during the second rounds, this time not
of votes is approximately Normal distributed. Do so p
p-value of the test. Your answer should be as detailed a

~Tu a certain region, it was known during pi
people considered themselves “rather :
with their lives. To check the impac
was then carried out, show
“more or less satisfied




5. Consider the following modified simple regression model:
Y=pz+e : |'||

This means that if {(ry, Y;)}?_, are our data points, then ¥; = B12; + ¢ under t
with the ¢; independent and N(0, 0?)-distributed, and we assume that o is
that unlike the usual simple regression model, here there is no 3y term (equ
set to zero by definition). "

a) (2 Points) Prove that

2= TiYi
Y T
is the least square estimator of 3;. (If it is easier for you, you mmﬁ
square and the maximum likelihood estimators coincide in this case.) -

b) (2 Points) Find the distribution of By.

/‘l‘)’ﬁ(;l;s of 1 Point) What is the general form of a confidence interval for &# .

6. Let ¥ be Binomial distributed with parameters (n,p), i.e. ¥ ~ Binomi
n € N is fixed, and p € (0,1).

m Find an unbiased estimator of p.

A7 (2 Points) Show that there is no unbiased estimator of 1/p.

b=



