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All aids are allowed, except a computer and personal assistance, as well as the use of any
external information pertaining to the specific data and questions. Restricted use of some
computer-like devices (including laptops, tablets and smartphones) is permitted under the
rules described at the VHM 801 course homepage. The exam consists of one question with
five parts, or sub-questions (labeled by letters a)− e)), which should all be answered.

The mid-term exam accounts for 15% of the course mark; however, every student may choose
to waive the result of the mid-term exam. The duration of the mid-term exam is 1 hour.

Generally, statistical models and methods should be specified, and all statistical anal-
yses should be summarized in conclusions.

Question 1. (15 points)

As part of a study in human medicine on Hodgkin’s disease (or Hodgkin’s lymphoma, a cancer
in the lymphomatic system), lymphocyte counts were measured in blood samples from 20
patients in remission from Hodgkin’s disease. In the Minitab data listing below, the variables
T4 and T8 give the numbers of T4 and T8 cells per mm3 in these blood samples, respectively.
Lymphocyte counts are sometimes analysed on logarithmic scale, and the listing also includes
variables, lnT4 and lnT8, with the values for each count on natural log scale. The researchers
were, among other things, interested in comparing the levels of T4 and T8 cells. The listing
therefore additionally contains the differences, both on original and logarithmic scales; the
corresponding variables are named diffT4T8 and difflnT4lnT8, respectively.

Use this information about the study as well as the output fromMinitab shown on the following
pages to answer the questions a)− e). The questions can be answered independently of each
other, although it may be advantageous to answer them in the order they are listed.

a) (2 points)
Characterize the study type (e.g., experimental or another type) and the statistical
design comprised by the T4 and T8 cell counts

b) (4 points) The Minitab output contains descriptive statistics and graphical representa-
tions of the distribution of the numbers of T4 and T8 cells, computed on both original
and natural-log transformed scales. Use (some of) this information to (briefly) describe
the distribution for both measurements. Concentrate on the features you would find
notable before commencing a statistical analysis.

c) (3 points) Compute a 95% confidence interval for the mean T4 cell count on either original
or logarithmic scale, of your own choice. Interpret the confidence interval by explaining
in non-technical terms what it tells you about T4 cell counts among Hodgkin’s patients.
Discuss briefly whether this interval should be considered as approximate or exact.
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d) (3 points) Carry out a statistical analysis to compare the levels of T4 and T8 cells among
Hodgkin’s patients. Select the method and scale you find appropriate for the analysis
based on the information provided (indicate if you think further information is needed)
and justify your choice. Draw conclusions from the test and explain in non-technical
terms what the analysis tells you about the levels of T4 and T8 cells when compared to
each other. (Hint: You may find the following formula useful: ln(x1)− ln(x2)=ln(x1/x2).)

e) (3 points) For this question, you should answer one of the two parts i)-ii) below,
each with the same score. It is allowed (but not recommended) to answer both parts, in
which case your score for e) will be for the best part among those two.

i) As a supplement to the quantitative comparison between T4 and T8 cell levels, the
researchers also wanted to assess how likely it is for a Hodgkin’s patient to have
higher T4 than T8 cell levels. Estimate this probability from the data provided, with
a 95% confidence interval. In another patient group, every patient had higher T4

than T8 cell levels — how does that (informally) compare to Hodgkin’s patients?
ii) The study also included 20 patients with diverse, disseminated malignancies which

we will simply refer to as the non-Hodgkin’s group. The main focus of the study was
to compare the Hodgkin’s and non-Hodgkin’s groups with respect to their lympho-
cyte counts. Outline how you would carry out statistical inference to compare T4 cell
levels between Hodgkin’s and non-Hodgkin’s patients. Your outline should explain
decisions (or necessary steps towards decisions) about the choice of scale for anal-
ysis, the choice of statistical model and parameter of interest, and relevant details
about the statistical inference (e.g., confidence interval or test) you want to use.

Minitab output for Question 1:

(continues on the next page)
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(continues on the next page)
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(continues on the next page)
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