Petter Mostad
Mathematical Statistics
Chalmers

M SA830 Statistical analysisand experimental design

Exam 29 October 2011, 8:30 - 13:30
Examiner: Petter Mostad, phone 0707163235,
visits the exam at 9.30 and at 12.30.
Allowed to use during the exam: Pocket calculator, books, copies, and notes.
Number of points on the exam: 30. To pass the exam, at leastihBs@are needed

1. Lisa often plays a card game with four of her friends. Lsguite good compared to the
others, and they estimate that Lisa has a 40% chance of vgreanoh game, while her
friends each have a 15% chance of winning. Assume below tiesetprobabilities are
correct.

(a) What is the probability that Lisa wins 8 of the 10 next gafhélL point)

(b) What is the probability that she wins at least 8 of the i€kggames? (1 point)

(c) What is the probability that the next 4 games are all wodlifgrent persons, non of
whom is Lisa? (1 point)

2. Alexandrais a materials scientist, and she is compahni@gtrengths of 5 new experimental
materials. For each she has made some repeated strenthremests and computed
summary statistics, with the results given in the tablewelo

Sample size Sample mean Sample standard deviatign
Material A 14 3.21 0.11
Material B 12 3.31 0.08
Material C 9 3.35 0.14
Material D 15 3.37 0.15
Material E 10 3.26 0.09

Alexandra assumes that the observations for each materia ¢rom its own normal dis-
tribution; she does not assume anything about the parasnafténese distributions.

(a) Find a 95% credibility interval for the expected changestrength when changing
from material A to material C. (2 points)

(b) Find a 95% credibility interval for the standard dewattiof the measured strength of
material B. (2 points)

(c) If Alexandra had assumed that the standard deviatiaraifthe normal distribution
were the same, what would be a 95% credibility interval fas 8tandard deviation?
(2 points)

3. Takashi is trying to determine the quality of animall feadd in particular, he is trying
to determine for each batch of feed whether the conceniratia certain bacterium is
low, medium, or high. According to experience, about 0.7%albfbatches have high



a concentration of the bacterium. As a quick test, Takastasuees the presence of a
certain chemical. The chemical is present in 5% of all baehi#és low concentration of
the bacterium, 35% in all batches with medium concentrataord 90% of all batches
with high concentration. Given that Takashi detects thergbal in a batch, what is the
probability that the batch has a high concentration of thetdyaum? (2 point)

4. Mariann would like to compare twoftkerent skin lotions, X and Y. She does this by asking
7 persons (P1,...,P7) to try out both lotions and give bottade on a scale from 0 to 100
points. The results are

P1|P2| P3| P4| P5| P6| P7
Lotion X | 85 | 30 | 95| 50 | 83| 90 | 44
LotionY | 60 | 20| 77 | 55| 50| 75 | 33

(a) Compute a 90% credibility interval for theffirence in customer satisfaction be-
tween lotion X and lotion Y. (2 points)

(b) What assumption or assumptions did you need to make &r ¢ocdlo your computa-
tions in (a)? (1 point)

(c) It is possible to make a hypothesis test where the nulbthgsis is that there is
no expected dierence in customer satisfaction between the lotions, aretevbne
does not make the assumption or assumptions discussed iD@sgcribe how this
hypothesis test works, and compute the test statistic oddteabove. (2 points)

5. George is experimenting with a new procedure for meaguitie activity of genes. It
involves a large number of laboratory steps, and at the ermigéebtains a measurement
of the quality of the result, among other things. George wdike to investigate the
influence of six diferent factors on the quality, where each factor represemtsod the
steps in the laboratory procedure. For each of these facgasrge would like to test out
two possible levels, i.e., ways to do that step in the proeedHe calls the factors A, B,
C, D, E, F, and the levels for each facter 'and ’-’. He has the time and resources to do
32 experiments.

(a) Write down a fractional factorial experimental plare(j.a table for how to set each
of the factors in each of the 32 experiments). For full pqitite plan should have
the property that the inference from the experiment will betinfluenced by which
factor is assigned to which column in the plan (2 points).

(b) Mention at least two important things George needs teraber when he performs
his experiment, for his conclusions to be as reproduciblgoasible (2 points).

6. Axel is investigating how three filerent factors influence the flight lengths of his paper
airplanes. The factors and their possible levels are lisedow:

Factor Levels

Design type Typel, Type2, Type3, Type
Paper thickness | Thick, Thin

Plane constructor Axel, Eric

=




For each possible combination of these factors, 5 planescargtructed, and a flight dis-
tance for each of these 5 planes is found in an experiments Axel has a total of 80

values to analyze.

In the table below, theverage flight distancéor each of the 5 planes with the same
factor settings are listed. The table also lists the averdgeeach of the design types,
and for thick and thin paper. It was also computed that theageeflight distance for all
planes constructed by Eric was 8.55, while the average fel &as 8.325. Finally, it was
computed that the variance of all the 80 observations wat644.

Thick Thin Average
Axel | Eric | Axel | Eric
Typel 82 | 76 |10.2| 7.2 8.3
Type2 8.6 |12.2| 10.4| 13.4| 11.15
Type3 8.2 | 52 |10.0| 6.6 7.5
Type4d 26 | 68| 84 | 94 6.8
Average 7.425 9.45 8.4375

(a) Compme the fOHOWing sums of sSq Uar&sjesignType S SDaperThicknesrsS SDIaneConstructor

andS Spota. (2 points)

(b) Make an ANOVA table without interaction. For each of tiheee factors, make a
conclusion based on the ANOVA table and the table given ab@vgoints)

(c) Make an ANOVA table including interaction. If you baseexision about whether or
not to include interaction in the model solely on the p-vatoenputed in this table,
will you recommend to include interaction in the model? ()

(d) Assume now that Axel had used the 16 averages in the thbileas his observations,
ignoring that they are computed as averages over severahai®ns. Make an
ANOVA table not including interaction for this situatiomedraw conclusions about
the three factors. (2 points)

7. Ingela is comparing the sizes of individuals of twdfelient species. She has measured
200 individuals from each species. She has made a normaalpity plot of all her 400
observations, shown in Figure 1.

(&) Which of the four histograms shown in Figure 2 are of th® dBservations shown
in Figure 1: Is it dataA, dataB, dataC, or dataD? Why? (1 point

(b) Ingela plans to analyze her observations by assuminghbabbservations for each
species is normally distributed. Does Figure 1 indicate the is an unsuitable
model? Why, or why not? (1 point)
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Figure 1: Normal probability plot showing all of Ingelas 46Bservations
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Figure 2: Histograms of the four data sets dataA, dataB Qjaad dataD



