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M SA830 Statistical analysisand experimental design

Exam 10 January 2012, 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. Alexander would like to know the average age of the peggeng a particular cooking
course. He asks 5 randomly selected participants aboutaej and gets the numbers 19,
37, 33, 49, 25. Alexander assumes that the ages of the penhg) tthe course follow a
normal distribution.

() Find a 95% credibility interval for the average age of plagticipants, based on the
information Alexander has. (2 points)

(b) Find a 95% credibility interval for the standard dewatiof the distribution of the
ages of the course participants, based on the informatierallder has. (2 points)

(c) From course registration information, it is computedttthe true average age is 37.9.
Use this additional information to recompute a 95% credipihterval for the stan-
dard deviation of the distribution of the ages of the couligipants. (2 points)

2. Anna is studying the éfierence in luminosity between stars A and B at a certain wave-
length. She is using a method which she based on previousiempe assumes produces
readings that are normally distributed with the true lunsitypas expectation and with a
standard deviation of 0.37. She makes 7 observations of Aobtains an average of 56.2,
and 4 observations of B, with an average of 61.4. Find a 90%ilwif#y interval for the
difference in luminosity. (2 points)

3. Joachim is comparing the sizes of adults of two closeteel animal species (measuring
size on a logged scale). He has made 15 measurements ofsspeoiataining a mean of
2.31 and a variance of 0.87 He also made 18 measurementsciésBe obtaining a mean
of 2.95 and a variance of 0.96.

(&) Joachim would like to assume that the two groups of olagemns come from two
normal distributions. How can he investigate whether thes ieasonable assumption
for his data? (1 point)

(b) Joachim goes on making the assumption from (a). Make athggis test of whether
he can assume that the standard deviations of the two norstabdtions are equal.
(1 point)

(c) Joachim bases his model choice on the test of (b). Usisgrtbdel, make a hypoth-
esis test of whether the expectations of the two normalildigions are the same.
Draw a conclusion for Joachim. (2 points)



4. Sally is investigating the occurrence of car accidergsltang in fatalities in her city. Over
the past 30 years, there have been a total of 137 such aczidgally initially assumes
that all such accidents happen independently, and thag teero trend or change in the
probability of accidents.

(&) With these assumptions, what is the probability thateteeéll be no accidents result-
ing in fatalities next year? (1 point)

(b) What is the probability that there will be exactly 5 sudeidents? (1 point)

(c) What is the (approximate) probability that there will b@ or more such accidents?
(2 points)

5. Gunther is studying for an exam, where he believes thatidie exam question is likely
to focus on either subject area A or subject area B. Based @eriqus exams, Glnther
estimates that the probability that the exam question velabout A is 40% and that it
will be about B is 30%, while it is also possible that it will b&out some other subject.
Gunther believes that if the question is about A, he has a 9@aae of passing, if it is
about B, he has a 70% chance of passing, while if it is abouesatimer subject, he only
has a 10% chance of passing. What is Glinthers probabilifyassing the exam? (1 point)

6. Peter an engineer at a factory, and he is studying fileeteof two factors on the yield
from his production process: He is trying out threfelient temperatures A, B, and C, and
three diferent pressures X, Y and Z. In addition, he suspects thaeghdts might depend
on which machine he is using, so he is performing his experimeith three dierent
machines, M1, M2, and M3. For each possible combinationeselthree factors he does
two replicated experiments, so that the total number of asiens is 54.

The table below shows the average yield for each combinafisemperature and pressure,
the average yield for each setting of temperature and pressparately, and the grand
average yield. In addition, Peter has computed that theageeyield for machines M1,

M2, and M3 was 87.5, 88.78, and 87.22, respectively. He has @mputed that the

variance of all the data was 9.1981.

Temperature A Temperature B Temperature G Average
Pressure X 86.11 88.78 86.11 87
Pressure Y 86.61 89.28 86.61 87.5
Pressure Z 88.11 90.78 88.11 89
Average 86.94 89.61 86.94 87.83

(a) Make an ANOVA table including thefects of all the factors, including the machine
factor. Do not include interactions. Express the conclusipou can make from the
p-values you compute. (4 points)

(b) Extend the ANOVA table by including interaction betweba Pressure and Temper-
ature (but not interactions between these factors and tlehimes). If you should
base the decision about whether or not to include interagtiogour model only on
the p-value you compute, what would you decide? (2 points)

(c) The conclusions you make above depend on some assusiptameed to make in
order to use this model. What are these assumptions? Mesaioe ways with wich
you can check whether these assumptions are reasonableuiodata. (1 point)



7. Anja would like to make an experimental plan for 8 expemitsen which she will investi-
gate the #ects of 7 diterent two-level factors on some output. Write down an expental
plan for Anja, such that she may later use a balanced desigixrfa the analysis of her
data. (1 point)

8. Harri works for a chain of 3 bakeries, studying how to exttre time before a certain type
of bread goes stale (i.e., tastes bad). In particular, haeésasted in theféect of the speed
of the cool-down after baking, and th&ext of a certain ingredient X. He instructs bakery
A to bake a bread, use a fast cool-down and then report how chaysy/it goes before the
bread is stale, then to bake another bread, use a normatioaai-and report how many
days before the bread goes stale, and finally to bake a theabbuse a slow cool-down,
and report the number of days before the bread goes staleerydakshould all the time
use a small amount of ingredient X. He gives the same instngto bakery B, but tells
them to use a medium amount of ingredient X. Finally, bakesh@uld do the same thing,
but with a high amount of ingredient X.

Are there any problems with Harri's experimental design™ @au give him advice on
how to improve it? (2 points)

9. Marge is studying how the weight of the output producedriregperiment depends on
two types of inputx; andx,, which are both measured on a continuous scale. She does 4
experimental runs, where the valueskfandx, are fixed according to the table below:

X1 | X
Experimentalrun 1 1.2 | 1.2
Experimentalrun2 1.2| 3.8
Experimentalrun 3 3.8| 1.2
Experimentalrun4 3.8| 3.8

She analyzes the results using multiple linear regressitmne interaction.

(a) Which of the following sets of numbers could possibly fe east squares estimates
of the analysis, and why could the other sets not be the leastres estimates? (1
point)

i. 3.1,1.1,-04,0.2
i. 4.1,1.1,-04
ii. -3.1,-1.1,-0.4

iv. 43.1,1.1,-0.4,0.2

(b) Which of the following sets of numbers could possibly be fitted values of the

analysis, and why could the other sets not be the fitted val(fepoint)
i. 4.94,3.90, 7.80
ii. 4.94,3.90, 7.80,6.76

ii. 4.94,4.94,4.94,6.76

iv. 4.94,3.90, 3.90

(c) Which of the following sets of numbers could possibly be tesiduals of the analy-
sis, and why could the other sets not be the residuals? (1)poin

i. 0.31,-0.31,-0.31,-0.31



ii. 0.31,0.31,0.31
ii. 0.31,-0.31,-031
iv. 0.31,-0.31,-0.31,0.31



