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All aids are allowed, except a computer and personal assistance. Restricted use of some
computer-like devices (including tablets and smartphones) is permitted under the rules de-
scribed at the VHM 801 course homepage. The exam consists of three questions that should
all be answered. The weights for each of the three questions and also for each subquestion
within a question are indicated; these weights total 50 points. Note that questions, and often
also subquestions, can be answered independently of each other. The duration of the exam is
3 hours.

Generally, statistical models and methods should be specified, and every statistical
analysis should be summarized in a conclusion. Throughout, if you realize that you need more
information than is provided to carry out an analysis, specify what information you need, how
you would obtain it using statistical software, and how you would use it in the analysis.

Question 1. (15 points)

According to superstitions rooted in parts in Christian culture, bad luck may be associated
with both the number 13 and with Fridays, and thus in particular with Friday the 13th.
A group of British researchers investigated whether they could determine any differences in
specific behaviours as well as in “unlucky” accidents on Friday 13th when comparing to the
preceding Friday 6th during three years in the beginning of the 1990s. Calendar occurrences
of a Friday 13th (and a preceding Friday 6th) within the time period were included in the
study, except when any of the two days fell on a holiday; the actual dates can be read off the
table in part c).

The outcomes studied were shopping, driving, and accidents in a particular region to the south
of London. The numbers of shoppers were determined from records of nine stores (Sainsburys
supermarkets) in the area. The numbers of drivers were determined from traffic counts at
two highway junctions in the area. The number of accidents were determined from emergency
admissions to hospitals for accidents subdivided by type. Extracts of the data for shoppers,
drivers and accidents are presented in the subquestions below. Note that all subquestions can
be answered independently of each other.

a) (2 points)
Explain the study type (e.g., observational or experimental) and the statistical design
(e.g., 1-sample or other designs) for comparing the behaviours involved in the outcomes
on Friday 6th and Friday 13th. You may discuss this broadly or focus on one of the
datasets (of your own choice), e.g. the shoppers data in the Minitab listing on page 3 or
the drivers data in the table in part c) on page 2. Characterise also the target population
for the statistical inference.

b) Shoppers data (5 points)
The analysis reported in the paper was based on the total number of shoppers per store
across all the dates of Friday 6th and Friday 13th. The Minitab listing gives graphical
summaries for these two counts as well as the differences between the counts on the 6th
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and 13th. Use this information to compute a parametric test to compare the mean total
number of shoppers on the two Fridays, and draw conclusions; make sure to include
the statistical model your analysis is based on. Include in your interpretation also the
magnitude of any difference in the mean number of shoppers on the two dates.

In the paper, the authors used exclusively non-parametric tests because “a normal dis-
tribution could not be assumed for any of the data”. Discuss (critically) the authors’
justification for the use of a non-parametric procedure for this analysis — do you think
it is adequate?

c) Drivers data (3 points)
The table below gives the total traffic flows (that is, vehicle counts) across the two
junctions for the five instances of Friday 6th and Friday 13th during the period studied.

Date Friday 6th Friday 13th

July 1990 273 258 271 456
September 1991 270 787 267 861
December 1991 244 691 240 364
March 1992 252 924 245 781
November 1992 242 193 240 033

Use a non-parametric test to compare the counts of vehicles on Friday 6th and Friday
13th, in terms of which of the two Fridays in a given month had the higher traffic flow.
Make sure to state statistical model as well as your null and alternative hypotheses
explicitly, and draw conclusions from your calculated test.

If you are unable to calculate a test from the information provided, explain what extra
information you need and how you would use it, or alternatively how you would calculate
the test in Minitab (or another statistical software) based on the values in the table. In
this case, give enough detail about the method you propose to allow someone with the
data at hand to carry out the calculation.

d) Accidents data I (3 points)
Among the counts of accidents of different types reported were (so-called) transport
accidents. A total of 110 transport accidents were reported across all the Fridays; of
these, 45 accidents happened on Friday 6th, and 65 accidents happened on Friday 13th.
Use these numbers to estimate the probability that a Friday accident happened on the
13th (rather than on the 6th), and compute a 95% confidence interval for this probability.
Based on the confidence interval, would you say that transport accidents were equally
likely on Friday 13th compared to Friday 6th?

e) Accidents data II (2 points)
Only four accidents involving animals were reported, but three of them occurred on
a Friday 13th. If it was in fact equally likely that such accidents occurred on Friday
6th and Friday 13th dates, what is the probability that most of the four accidents had
occurred on a Friday 13th?
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Minitab listings and graphical displays for Question 1:
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Question 2. (15 points)

In an agricultural experiment on the fight against a particular plant disease in barley, six
spraying treatments were tested against a control group. The treatments were labeled 1 − 7
where 1 is the control. They were applied to plants grown in plots in a field trial. The plots
contained variable numbers of plants, for reasons not related to the efficacy of the treatments
against the disease. In the later part of the growth season, the plants in each plot were
inspected and it was recorded whether any lesions typical for the plant disease were present.
The numbers of plants with and without lesions are given for each treatment group in the
table below.

Plants Treatment
Lesions 1 2 3 4 5 6 7

no 3 10 11 2 9 26 25
yes 17 7 11 11 15 22 29

For example, among the plants subjected to treatment no. 5 there were 9 plants without lesions
and 15 plants with lesions. The interest is in identifying treatments that make the plants less
susceptible to lesions. The data in the table have been entered into a worksheet with 14 rows
and the variables: plants, lesions and treatment.

a) (6 points)
The next page shows Minitab listings for 3 analyses of these data. For each of the 3
analyses, identify the type of statistical model/analysis and discuss whether it addresses
the question of interest in a meaningful way. A full specification of the statistical models
and their assumptions is not required for this part, but your description of the model
and analysis method should have enough detail to uniquely identify the method.

b) (4 points)
Select the most meaningful model and analysis among those reviewed for part a), and
describe and critically review the model’s assumptions. Carry out a statistical test
to assess any differences between the 7 treatments (including the control), and draw
conclusions. If any such differences are seen, compute a measure (or statistic) for each
treatment’s performance and order the treatments from the worst to the best; if no such
difference is seen, compute only a measure of the overall treatment performance.

c) (5 points)
The researchers were particularly interested in comparing each of the spraying treat-
ments to the control; this focus was decided prior to collecting and analysing the data.
Irrespective of your results in b), continue the analysis by assessing the significance of
each of the treatments relative to the control. For this part, an overall (or simultaneous)
significance level of at most 5% is desirable — discuss how you can achieve that.
(Hint: You may omit the calculation of tests for some treatments against the control if
you already (from other information) know what their outcome with regard to signifance
will be.)

If you are unable to calculate tests from the information provided, explain what extra
information you need and how you would use it, or alternatively how you would calculate
the tests in Minitab (or another statistical software) based on the information provided.
In this case, be as specific as possible about how you will want to carry out the analysis.
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Minitab listings and graphical displays for Question 2:
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Question 3. (20 points)

A researcher wanted to study the relationship between the body weight (w) and the weight of
flight muscles (f) in birds, and retrieved values (both recorded in grams) for these variables for
14 species of birds. A list of the data values, together with the values obtained by natural log
transformations (lnw and lnf, respectively), is shown in the Minitab listing on the next page.

a) (4 points)
As a first step in exploring the data, graphs were obtained of the two variables plotted
against each other. Such graphs are shown on the next page on both original and log-
transformed scales. For one of the graphs (of your own choice), describe the relation
between the variables, interpret the provided value of the r statistic, and give a statistical
assessment of whether the two variables can be considered as independent. Contrast also
(briefly) the patterns of points in the two graphs — how are they different?

Because it is easier to measure body weight of birds than the weight of their flight muscles,
there was interest in using the data to establish an equation to predict the weight of flight
muscles from the body weight.

b) (4 points)
The Minitab listings for parts b)-e) give selected outputs from four statistical models
fitted to the data, each on a separate page. Identify the type of models used and
describe how the four models differ. Use the information provided to select one of the
four models/analyses, which you think best both matches the stated purpose of analysis
and meets the model assumptions. Justify your choice of model/analysis, e.g. by briefly
describing why the other models/analyses are of less interest.

c) (5 points)
For your chosen model/analysis from b), give estimates and, if possible, also confidence
intervals for the model parameters. Explain the meaning of the parameters. Comment
also briefly on the strength and statistical significance of the relationship between the
variables.

d) (4 points)
A species of hummingbirds has a body weight of 2.7 g. Use your selected model from
b) to predict the weight of the flight muscles for this species. Compare your predicted
value with the actual weight of 1.0 g for the flight muscles of this species. Describe
how you would use statistical inference for this comparison (calculations are not possible
from the information provided). Do you see any issues (or concerns) with this particular
prediction?

e) (3 points)
One possible relation that has been suggested between the two weights, is that the flight
muscles constitute the same proportion of the body weight across different species of
birds. With our previous notation of w and f for the body weight and the weight of
flight muscles, respectively, this relation can be described by the equations,

f = k · w, or ln(f) = ln(k) + ln(w).

Use the information provided (for any of the models) to assess, by means of a statistical
test, whether the data support such a relationship. If you find that the data support the
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relationship, estimate also the proportionality factor k from the data, and supplement
your estimate with a 95% confidence interval.

Minitab listings and graphical displays for Question 3, part a):
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Minitab listings and graphical displays for Question 3, parts b)-e):
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