
Final exam Probability and Statistics EE1M31
18 April 2018, 9.00 – 11.00

Only the use of a non-graphical calculator and a clean copy of the formula sheet is allowed.
This exam consists of nine multiple choice questions and three open questions. You should answer the
open questions on the exam sheet.

Grade: Every correct multiple choice question counts for 2 points; for the open questions, points are
denoted per part. Then:

Grade =
MC +OQ

4
+ 1,

where MC is the amount of points scored for the multiple choice part and OQ for the open questions part.

Explanation MC sheet: Colour the boxes black or blue. Fill in the version, course code, your name

and student number. The latter should be ticked as well. Finally, sign the sheet with your signature.

Version A

1. Suppose you were to obtain 100 random samples of the same sample size and construct 100
confidence intervals for the parameter θ with confidence level 95%.

What is the probability that all of them will contain the true value of θ?

a. 0.9500 b. 0.0500 c. 0.9900 d. 0.010 e. 0.0059 f. 0.9941

2. The arrival of planes at a small airport can be modelled by a Poisson process. To reduce
noise pollution in the neighbourhood of this airport, the Ministry of Transport decided
the maximum intensity to be λ = 2 planes per hour. To see if this airport meets the
requirement, a test was carried out and 25 arriving planes have been observed in 10 hours.

Consider the following two statements:

(I) H0 : λ = 2 and H1 : λ 6= 2 are the hypotheses for this test.
(II) The p-value equals P (T ≥ 25), where T ∼ Pois(20).

Which of these statements is/are correct?

a. None b. Only (I) c. Only (II) d. Both

3. The figures below are 3 empirical distribution function of datasets of sample size 200 from
3 different distributions.
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III

What is the correct match of empirical distribution function and distribution?

a. I: U(0, 6), II: Pois(3), III: Exp(16) b. I: N(3, 1), II: N(3, 3), III: Exp(1)

c. I: N(3, 3), II: Pois(3), III: Exp(1) d. I: N(3, 3), II: Pois(3), III: Exp(16)

e. I: U(0, 6), II: N(3, 1), III: Exp(16) f. I: U(0, 6), II: N(3, 1), III: Exp(1)

g. I: N(3, 1), II: N(3, 3), III: Exp(16) h. I: U(0, 6), II: Pois(3), III: Exp(1)



4. Let T be a continuous test statistic. You reject H0 in favour of H1 if P(T ≤ t) ≤ 0.10.
Suppose that t = 1 and P(T ≥ 2) = 0.95. What can you deduce?

a. P(T ≤ 1) ≤ 0.05, so reject H0.
b. P(T ≥ 1) ≤ 0.05, so do not reject H0.
c. P(T ≤ 1) ≤ 0.95, so we cannot decide whether to reject H0 or not.
d. P(T ≥ 1) ≤ 0.05, so reject H0.
e. P(T ≤ 1) ≤ 0.05, so do not reject H0.
f. P(T ≥ 1) ≤ 0.95, so we cannot decide whether to reject H0 or not.

5. During your well-earned holiday in the south of France you decide to see whether you are
lucky in a casino in Monaco. You play the game ‘Sept’: you roll two dice and if the sum of
the spots equals seven, you win 5 euro. In every other case, you lose 1 euro. You decide to
play this game 120 times.

What is approximately the distribution of your total earnings?

a. N(−50, 400) b. Bin(120, 1
11) c. Bin(120, 12)

d. N(0, 600) e. N(0, 400) f. Bin(120, 16)

6. Consider the following bivariate dataset: (−1, 1), (1,−1), (3, 2). We would like to model the
Yi by Yi = α+βxi+Ui, where the Ui are independent random variables having expectation
zero.

What is the design matrix that corresponds with this model?

a.

1 −1
1 1
1 3

 b.

−1 1
1 −1
3 2

 c.

1 −1 1
1 1 −1
1 3 2


d.

3 3 2
3 11 4
2 4 6

 e.

(
3 3
3 11

)
f.

(
11 4
4 6

)

7. Let X1, . . . , Xn be a random sample from Par(α). Consider the following two statements:

(I) If α > 1, then X̄n approximately equals α
α−1 for large n.

(II) If α ≤ 1, then
number of Xi ≥ 2

n
approximately equals 1

2α for large n.

Which of these statements is/are correct?

a. None b. Only (I) c. Only (II) d. Both

8. A car is driving on the freeway and let X ∼ N(µ, 2) be the speed measurement of this car,
where µ is the true speed of the car (in km/h). The police tests H0 : µ = 130 against
H1 : µ > 130 and H0 is rejected in favour of H1 if X ≥ 133.

Calculate the probability of a type II error if the true speed of the car equals 135 km/h.

a. 0.0793 b. 0.9826 c. 0.0174 d. 0.1587 e. 0.8413 f. 0.9207

9. You wish to estimate the parameter −1 ≤ θ ≤ 4 using the maximum likelihood principle.
Based on the data, you find the likelihood function

L(θ) = θ3 − 5θ2 + 3θ + 9.

Determine the maximum likelihood estimate of θ.

a. 3 b. −1 c. 1
3 d. 5

2 e. 5
3 f. −1
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Open questions

Always motivate your answers and write neatly.
You may answer in either Dutch or English.

1. The lifetime X of an electrical component is a continuous random variable having the prob-
ability density function fθ(x) = 2

θ −
2
θ2
x for 0 ≤ x ≤ θ and fθ(x) = 0 otherwise.

Let X1, . . . , Xn be a random sample from fθ.

(a) (3 points) Investigate whether S =
√

6
n(X2

1 + . . .+X2
n) is an unbiased estimator for θ.

Hint: first investigate whether S2 is an unbiased estimator for θ2.

(b) (3 points) Let T = 3
n(X1 + . . .+Xn) be another estimator for θ: determine its MSE.



2. Consider the following ordered dataset:

3.14 3.22 3.43 3.73 3.94 3.96 4.06 4.22 4.22 5.60 7.49

(a) (2 points) Calculate the 20th empirical percentile of this dataset.

Assume that the dataset above has been sampled from the following density:

fθ(x) =

{
0 x < 3,
1
θe
− (x−3)

θ x ≥ 3.

(b) (4 points) Calculate the maximum likelihood estimate for θ.

You may use that
∑
xi = 47.01,

∑
lnxi = 15.63,

∑ 1
xi

= 2.73 or
∑
e−xi = 0.23.



3. A manufacturer produces two new types of solar panels: type A and type B. The peak power
of type A has a normal distribution with unknown expectation µA, but the variance is known:
σ2A = 100. The manufacturer wishes to estimate µA and therefore measures the peak power
of 20 solar panels of type A.

(a) (3 points) Explain with a computation why x̄20 ± 1.96 10√
20

is the two-sided 95% confi-

dence interval for µA.

For type B, the manufacturer claims that µB = 300W . However, the Consumers Association
received some negative feedback that the actual peak power is lower so they decided to investigate
this claim. They tested 15 panels of type B and found a sample mean of 290.3W and a sample
variance of 353.8W 2. You may assume a normal distribution as model distribution.

(b) (3 points) Investigate the claim of the manufacturer at significance level α = 0.10.



Extra space



Answers multiple choice:

1 e.

2 c.

3 f.

4 a.

5 d.

6 a.

7 d.

8 a.

9 c.


