
EPFL Probability and statistics for materials science
Autumn Semester 2024 Prof. Gregor Jotzu

Exercise Set 10

Goals

1) Practice ANOVA

2) Perform a first linear regression.

3) Practice data tests for the exam.

1 A new post-it chemical [basic]

Post-its are magical things. The glue used in them sticks quite well to most surfaces, yet they can
be easily removed without residue. Even after a long time, the glue does not chemically react with
the surfaces. In fact, this glue is a prime example of a serendipitous discovery: While the researchers
initially looked for an extremely strong glue, they found a particularly removable one.

Over the years, the company continues to optimize the properties of the glue. Post-it has started an
open competition to researchers, to challenge the quality of their glue. Two teams of scientists have
made it into the finals. Each team prepares 40 post-its with their glues, and the sticking coefficients are
measured by an independent laboratory. The group means and standard deviations are listed below
(higher number means it sticks better). Is there statistical evidence on the α = 0.01 level that the
glues are not all the same?

The provided table does not include this level of significance, but you can use Python or
https://fvaluecalculator.com/ to find the critical F-value.

mean sd
EPFL team 21.4 4.5
ETH team 16.9 5.5
post-it original 19.1 5.8

2 Is size a good predictor of weight? (a linear regression) [normal]

The weight and height of six female students are presented in the table below:

Height (cm) 170 167 171 181 158 166
Weight (kg) 71 58 56 85 45 53

a) Determine and plot the regression line for this table.
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b) Establish the ANOVA table for a linear regression with one slope and run the F-test at a level
of significance α = 0.05.

c) Compute the "goodness of fit" coefficient R2. What can you conclude from it?

3 Exam question from 2020

On the following page you will find an exam question from 2020. The exam back then lasted two hours.

The questions on the next page accounted for 17 out of a total of 59 points - with proportional time
allocation, this would correspond to about 35 minutes.

In the exam tables for the z-test, t-test, χ2 test and F-test were provided (see the StatTables pdf on
the moodle from last week) .

Of course now that you do not have your condensed notes yet, you should use your course notes or
favorite textbook, and can expect to take longer because of that.
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4 A new milkshake recipe

The industrial production of milk drinks is surprisingly complex. The main reason is the difficulty
to stabilize milk which is essentially a mixture of water, proteins and fat. In your PhD thesis, you
develop a new food-safe stabilizer for milkshakes based on seaweed extract. The tests are promising,
and you want to study how customers compare the consistency of your milkshake to the two leading
brands, Emmi and Mueller. You invite 6 people into your laboratory, and give them a sample of each
milkshake. Then they should grade the consistency on a scale between 10 (best) to 1 (worst). Here is
the outcome of your test:

Your product (1) 6.2 7.0 4.0 10 9.4 4.0
Emmi (2) 3.9 8.9 5.8 9.0 3.1 4.8
Mueller (3) 4.6 1.4 7.1 2.6 2.2 1.1

Table 4: Taste of milkshakes graded by 6 randomly selected volunteers. Grades between 1 (worst) and
10 (best).
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In a first attempt to analyze this data, you decide to do pairwise two-sided T-tests to see if the dif-
ferences between the datasets are statistically significant. We denote the taste grade of the j-th tester
in the group i by Xi,j . For example, the third tester in the Emmi (2) group rated that milkshake
X2,3 = 5.8.

Your statistical software reports the following computations on your dataset:∑6
j=1X1,j = 40.6,

∑6
j=1X2,j = 35.5,

∑6
j=1X3,j = 19,∑6

j=1(X1,j)
2 = 307.8,

∑6
j=1(X2,j)

2 = 241.71,
∑6

j=1(X3,j)
2 = 86.34

a) [1 pt] For your milkshake (group 1), compute the group mean X̄1 and the standard deviation s1.
For the other groups, the same calculation gives X̄2 = 5.92, s2 = 2.52, X̄3 = 3.17, and s3 = 2.29.

b) [1 pt] We want to check if these milkshakes are received significantly different by the customers.
Formulate the null hypothesis H0 and alternative hypothesis H1 for a two-sided T-test between
your milkshake (group 1) and the Mueller shake (group 3).

c) [2 pt] Next you plan to do two-sided T-tests between all pairs of groups. Ti,j is the Welch
statistic comparing groups i and j. Unfortunately your statistics software crashed and you lost
some computations. Complete the following table of Ti,j by manually computing T1,3.

Ti,j your shake (1) Emmi (2) Mueller (3)
your shake (1) - 0.58 ?

Emmi (2) - - 1.98
Mueller (3) - - -

d) [5 pt] Perform two-sided Welch tests between all 3 pairs using the T-statistics computed in c).
State the degrees of freedom used for each test, and the critical regions. Between which groups
do you find statistically relevant differences at a level of significance α = 0.05? Are these taste
differences between the milkshakes statistically significant?

A different approach to investigate the differences between multiple groups would be a one-factor,
three-level ANOVA analysis and a F-test. Let us reanalyze the same dataset in Table 4.

e) [1 pt] In the one factor model, your data is described by Xi,j = µ + αi + εi,j . Give the values for the 
αi and µ that minimize the sum of least squares. You do not need to derive them from the principle 
of least squares.

f) [5 pt] Compute the one-factor ANOVA table for this model.

g) [2 pt] Based on your ANOVA analysis, perform an F-test. Can you state a statistically significant 
(α = 0.05) difference between the groups?
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Tableau de la fonction de repartition normale. La fonction <I>(z) est egale a la proportion des 
realisations inferieures ou egales a z d'une varable aleatoire normale centree et reduite. 

z <I>( z) z <I>( z) z <I>(z) z <I>(z) z <I>(z) z <I>(z) 
0,00 0,500 0,72 0,764 1,44 0,9251 2,16 0,9846 2,88 0,99801 3,80 0,9999277 

0,02 0,508 0,74 0,770 1,46 0,9279 2,18 0,9854 2,90 0,99813 3,84 0,9999385 

0,04 0,516 0,76 0,776 1,48 0,9306 2,20 0,9861 2,92 0,99825 3,88 0,9999478 

0,06 0,524 0,78 0,782 1,50 0,9332 2,22 0,9868 2,94 0,99836 3,92 0,9999557 

0,08 0,532 0,80 0,788 1,52 0,9357 2,24 0,9875 2,96 0,99846 3,96 0,9999625 

0,10 0,540 0,82 0,794 1,54 0,9382 2,26 0,9881 2,98 0,99856 4,00 0,9999683 

0,12 0,548 0,84 0,800 1,56 0,9406 2,28 0,9887 3,00 0,99865 4,04 0,9999733 

0,14 0,556 0,86 0,805 1,58 0,9429 2,30 0,9893 3,02 0,99874 4,08 0,9999775 

0,16 0,564 0,88 0,811 1,60 0,9452 2,32 0,9898 3,04 0,99882 4,12 0,9999811 

0,18 0,571 0,90 0,816 1,62 0,9474 2,34 0,9904 3,06 0,99889 4,16 0,9999841 

0,20 0,579 0,92 0,821 1,64 0,9495 2,36 0,9909 3,08 0,99996 4,20 0,9999867 

0,22 0,587 0,94 0,826 1,66 0,9515 2,38 0,9913 3,10 0,99903 4,24 0,9999888 

0,24 0,595 0,96 0,831 1,68 0,9535 2,40 0,9918 3,12 0,99910 4,28 0,9999907 

0,26 0,603 0,98 0,836 1,70 0,9554 2,42 0,9922 3,14 0,99916 4,32 0,9999922 

0,28 0,610 1,00 0,841 1,72 0,9573 2,44 0,9927 3,16 0,99921 4,36 0,9999935 

0,30 0,618 1,02 0,846 1,74 0,9591 2,46 0,9931 3,18 0,99926 4,40 0,9999946 

0,32 0,626 1,04 0,851 1,76 0,9608 2,48 0,9934 3,20 0,99931 4,44 0,9999955 

0,34 0,633 1,06 0,855 1,78 0,9625 2,50 0,9938 3,22 0,99936 4,48 0,9999963 

0,36 0,641 1,08 0,860 1,80 0,9641 2,52 0,9941 3,24 0,99940 4,52 0,9999969 

0,38 0,648 1,10 0,864 1,82 0,9656 2,54 0,9945 3,26 0,99944 4,56 0,9999974 

0,40 0,655 1,12 0,869 1,84 0,9671 2,56 0,9948 3,28 0,99948 4,60 0,9999979 

0,42 0,663 1,14 0,873 1,86 0,9686 2,58 0,9951 3,30 0,99952 4,64 0,9999983 

0,44 0,670 1,16 0,877 1,88 0,9799 2,60 0,9953 3,32 0,99955 4,68 0,9999986 

0,46 0,677 1,18 0,881 1,90 0,9713 2,62 0,9956 3,34 0,99958 4,72 0,9999988 

0,48 0,684 1,20 0,885 1,92 0,9726 2,64 0,9959 3,36 0,99961 4,76 0,9999990 

0,50 0,691 1,22 0,889 1,94 0,9738 2,66 0,9961 3,38 0,99964 4,80 0,9999992 

0,52 0,698 1,24 0,893 1,96 0,9750 2,68 0,9963 3,40 0,99966 4,84 0,9999994 

0,54 0,705 1,26 0,896 1,98 0,9761 2,70 0,9965 3,42 0,99969 4,88 0,9999995 

0,56 0,712 1,28 0,900 2,00 0,9772 2,72 0,9967 3,44 0,99971 4,92 0,9999996 

0,58 0,719 1,30 0,903 2,02 0,9783 2,74 0,9969 3,46 0,99973 4,96 0,9999996 

0,60 0,726 1,32 0,907 2,04 0,9793 2,76 0,9971 3,48 0,99975 5,00 0,9999997 

0,62 0,732 1,34 0,910 2,06 0,9803 2,78 0,9973 3,50 0,99977 5,04 0,9999998 

0,64 0,739 1,36 0,913 2,08 0,9812 2,80 0,9974 3,52 0,99978 5,08 0,9999998 

0,66 0,745 1,38 0,916 2,10 0,9821 2,82 0,9976 3,54 0,99980 5,12 0,9999998 

0,68 0,752 1,40 0,919 2,12 0,9830 2,84 0,9977 3,56 0,99981 5,16 0,9999999 

0,70 0,758 1,42 0,922 2,14 0,9838 2,86 0,9979 3,58 0,99983 5,20 0,9999999 
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