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• Always motivate your answers.

• Write your answers in English.

• Only the use of a simple, non-graphical calculator is allowed.

• Programmable/graphical calculators, laptops, e-readers, tablets, mobile phones, smartphones,
smartwatches, books, own formula sheets, etc. are not allowed.

• On the last four pages of the exam, some formulas and tables that you may want to use can be
found.

• The total number of points you can receive is 63: Grade = 1 +
points

7
.

• The division of points per question and subparts is as follows:

Question 1 2 3 4 5 6

Part a) 2 2 2 2 3 3
Part b) 2 2 8 8 3 8
Part c) 2 2 2 3 2 2
Part d) - - 1 - 2 2

Total 6 6 13 13 10 15

• If you are asked to perform a test, do not only give the conclusion of your test, but report:

1. the hypotheses in terms of the population parameter of interest;

2. the significance level;

3. the test statistic and its distribution under the null hypothesis;

4. the observed value of the test statistic;

5. the P -value or the critical value(s);

6. whether or not the null hypothesis is rejected and why;

7. finally, phrase your conclusion in terms of the context of the problem.

Good luck!
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1. Last summer a new bicycle parking space in front of the main entrance of the VU’s Science
Building (De Boelelaan 1085) was opened. A couple of weeks after the opening, 96 randomly
selected people who parked their bikes outside of the bicycle racks in front of the side entrance
to the Science Building (De Boelelaan 1081) were asked if they knew about the new parking
space. Only 24 people knew about it. Let p be the proportion of people coming to the Science
Building who know about the new parking space.

a) Determine the usual point estimate p̂ of p.

b) Give the 95% confidence interval based on the results of the survey.

c) What is the interpretation of a 95% confidence interval?

2. A social media specialist is interested in the amount of time (in hours) Internet users spend on
Facebook each month. A survey was conducted among 36 Internet users resulting in the sample
mean x̄ = 692.86 hours and the sample standard deviation s = 237.50 hours.

a) Should you use a t-distribution or the standard normal distribution to construct a confidence
interval for the population mean in this case? Motivate your answer.

b) Give the 90% confidence interval for the unknown value of the population mean based on
the sample.

c) If one constructed the 95% confidence interval for the population mean, would it be bigger
or smaller than the confidence interval from part b)? Motivate your answer.
(You do not have to construct the 95% confidence interval.)

3. A researcher wanted to investigate the claim that people living in large cities on average own fewer
cars than people living in the rural area. He randomly selected 41 households in Amsterdam
(838 338 inhabitants) and 41 households in Staphorst (16 590 inhabitants) to collect the data
about the number of cars per household. For the Amsterdam group the mean and standard
deviation of the number of cars per households were x̄1 = 0.366 and s1 = 0.623; for the Staphorst
group x̄2 = 0.927 and s2 = 0.818. Some other characteristics of the two samples that you may
or may not use are: d̄ = −0.561, sd = 0.838, sp = 0.727.

a) Are these matched-pair or independent samples? Briefly motivate your answer.

b) Perform a suitable test using the critical value method to investigate the researcher’s claim.
Take significance level α = 0.01. Motivate your choice of the test statistic. (See the first
page of this exam for detailed instructions about testing).

c) What is a P -value?

d) Based on your final conclusion in part b), would the P -value be greater or less than the
significance level in this case? [If you cannot answer part b), answer the question for both
possible conclusions of a statistical test.]
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4. A popular daily newspaper in the UK wants to convince its on-line users to stop blocking ads.
Two possible methods are considered to achieve that. Users using an ad blocking plug-in in
their browsers can either see only half of the article they just clicked on (Method 1) or some
of the sentences in the article are replaced by random sentences making the article nonsensical
(Method 2). At the end of the page the users are informed that the article is unreadable because
of the ad blocking plug-in and they are kindly asked to switch it off when visiting the on-line
version of the newspaper.

Webmasters of the newspaper claim that no matter which method is used, the proportion of
users who switch off the ad blocking plug-in after seeing the unreadable article is the same.
A group of 200 users is randomly split into two equal groups of 100 users, each of which is
affected by one of the two methods. In the Method 1 sample 36 users decided to switch off the
ad blocking plug-in, whereas only 29 users affected by Method 2 decided to switch off the ad
blocking plug-in.

a) Give based on the data a point estimate for the difference between the proportions of users
affected by Method 1 who decided to switch off the ad blocking plug-in and of users affected
by Method 2 who decided to switch off the ad blocking plug-in.

b) Perform a suitable test using the P -value method to investigate the webmasters’ claim.
Take significance level α = 0.05. (See the first page of this exam for detailed instructions
about testing).

Now suppose that there are three methods considered by the newspaper.

c) Describe how it could be tested whether the proportion of users who switch off the ad block-
ing plug-in after seeing the unreadable article is the same for all three methods: formulate
H0 and Ha, give the expression of the test statistic and its distribution under H0.
(Since there is no data for the third method, you do not have to perform the test.)

5. A producer of chocolate chip cookies claims that the number of chocolate chips per cookie is
distributed with the following percentages:

4 or less 5 6 7 8 9 10 11 12 or more

10.0% 9.2% 12.2% 14.0% 14.0% 12.4% 9.9% 7.2% 11.1%

A sample of 70 randomly selected chocolate chip cookies resulted in the following data:

Chocolate chips per cookie 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Number of cookies 2 4 6 9 9 6 10 10 5 4 2 1 1 1

a) Create the table of observed frequencies consisting of frequency counts for each of the
categories from the claimed distribution of the number of chocolate chips per cookie that
can be used to conduct a goodness-of-fit test.

b) Formulate the null and alternative hypothesis for the goodness-of-fit test. Compute the
expected frequencies under the assumption that the null hypothesis is true and present
them in a table form.

c) Use part b) to show that the requirements for a suitable chi-square test are satisfied.

d) The observed value of the test statistic is χ2 = 8.032. What is your conclusion of the test
for significance level α = 0.1?
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6. A computer manager needs to know how efficiency of her new computer program depends on
the size of incoming data. Efficiency will be measured by the number of processed requests per
hour. In general, larger data sets require more computer time, and therefore, fewer requests
are processed within 1 hour. The size of 20 incoming data and the corresponding numbers of
processed requests per hour were measured and stored in the respective dataset x and y. A
linear regression analysis was carried out with explanatory variable ‘size of incoming data’ and
response variable ‘requests per hour’. Some characteristics of the data that you may or may not
use are:

x = 8.93, y = 34.56, sx = 1.82, sy = 12.05,

sb0 = 10.92, sb1 = 1.20, r = −0.64.

Furthermore, a scatterplot of the number of requests per hour against the size of incoming data,
as well as other plots related to the regression analysis are shown in Figure 1.

a) Based on the characteristics of the data, give an estimate for the regression equation.

b) Test the claim that the slope of the regression equation equals 0. Take significance level
α = 0.05. (See the first page of this exam for detailed instructions about testing).

c) For the test in part b) certain requirements about the errors have to be met, and two of them
can be verified with the middle and right plot in Figure 1. What are these assumptions?
Is it reasonable to assume that they are indeed met?

d) There is one clear outlier in the left plot in Figure 1. What is the size of incoming data for
this outlier? What could happen to the sample linear correlation coefficient r if that point
were removed?
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Figure 1: Scatterplot, residual plot, normal QQ plot of residuals.
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Formulas and Tables for Exam Statistical Methods

Two independent samples

(The statements below hold if certain requirements are met. You should always verify these
requirements first.)

For two independent samples,

(i) if σ1 and σ2 are unknown and σ1 6= σ2, the test statistic

T2 =
(X1 −X2)− (µ1 − µ2)√

S2
1/n1 + S2

2/n2

has a t-distribution with approximately ñ degrees of freedom under the null hypothesis. We
use the conservative estimate ñ = min{n1 − 1, n2 − 1}.

(ii) if σ1 and σ2 are unknown and σ1 = σ2, then the test statistic

T eq
2 =

(X1 −X2)− (µ1 − µ2)√
S2
p/n1 + S2

p/n2

has a t-distribution with n1 + n2 − 2 degrees of freedom under the null hypothesis. Here S2
p

is the pooled sample variance given by

S2
p =

(n1 − 1)S2
1 + (n2 − 1)S2

2

n1 + n2 − 2
.

(iii) if p1 = p2, the test statistic

Zp =
(P̂1 − P̂2)− (p1 − p2)√

P (1− P )/n1 + P (1− P )/n2

approximately has a standard normal distribution. Here P = (X1 + X2)/(n1 + n2) is the
pooled sample proportion.

(iv) the margin of error for a 1− α confidence interval for p1 − p2 is given by

E = zα/2
√
p̂1(1− p̂1)/n1 + p̂2(1− p̂2)/n2.



Correlation

Under certain conditions the test statistic

Tρ =
R√

(1−R2)/(n− 2)

has a t-distribution with n − 2 degrees of freedom. Here r is the sample linear correlation
coefficient given by

r =
1

n− 1

n∑

i=1

[(xi − x̄)(yi − ȳ)

sxsy

]

and is viewed as the realization of the random variable R.

Linear regression
Let β0 be the unknown intercept and β1 the unknown slope of a linear regression model with
one explanatory variable, and let b0 and b1 be the corresponding estimators, i.e. the intercept
and slope of the regression line (the ‘best’ line). Then b0 and b1 are given by

b1 = r
sy
sx

and
b0 = ȳ − b1x̄.

If certain requirements are met, then the observed value

tβ =
b1 − β1
sb1

is a realization of the test statistic Tβ that under the null hypothesis has a t-distribution with
n − 2 degrees of freedom. Here sb1 is the standard error (i.e. estimated standard deviation)
of the estimator b1.






