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1. We have the two variables

G: G=1 means X has the gene=G the opposite
H: H=1 means X has hypertensionsBl the opposite

and we know that

PrG=1) = 012
PrH=1/G=0) = 0.18
PH=1|G=1) = 0.89.

Bayes theorem then gives that

PrH=1]|G=1)PrG = 1)
PrH = 1)
PrH=1]G = 1)PrG = 1)
PH=1/G=1)PrG=1)+PrH=1|G = 0)PrG = 0)
0.89-0.12

0.89-0.12+ 0.18- (1 - 0.12)
= 0.403

PrG=1/H=1) =

So the probability is 40.3% that X has the gene G.
2. (a) Theincreases in scores from the old to the new conteol a
65,148 39,-157,132 -34

The sample mean of these numbers is 32.17, and the sampaaais 12934.17.
Assuming that these filerences are normally distributed, and using the standasd pr
for the mean and precision of this normal distribution, we that the posterior for
the mean of the normal distribution is the t distribution

1293417
t(3217,6 - 1, l0g + /T) = (3217, 5, log V2155659)

The 95% credibility interval thus becomes

[32.17— V215565% 0255, 3217+ V215565%00255] = [~87.20, 15154]

wheretygos5 = 2.571 is the value such that a standard t-distributed variaitle 5
degrees of freedom is above it with probability 0.025. Thiei@as found in the table
for the t distribution.



(b) The analysis in (a) can be described as using a linear motkeone parameter (in
addition to the parameter for the unknown precision):

B1 : Expected increase in points switching from old to new

To take the learningfect into account, Morten could extend this model with an
additional parameter

B- : Expected increase in points from first to second hour

and find the posterior fg8, in this model, still using the dlierences as his data. For
example, if friends 1,2, and 5 used the old control first, Monvould use the linear
model

778-713 = Br1+B2+6
569-421 = B1+B2+e
655-616 = B1—-B2+ €3
845-1001 = B1-B2+ €
700-568 = B1+ 62+ €5
695-729 = B1—-PB2+ 6

3. (a) According to Emelie’s assumptions, we can model thaber of counted earth-
guakes as Poisson distributed with rate 14. For a Poisstiudhistion with rate 14,
the probability of observing 5 is given by

145714

5 - 0.003727

(b) To answer this question, it is natural to use a normal @gpration. A Poisson
distribution with rate 14 is approximated by a Normal distition with expectation
14 and variance 14. The probability of observing 20 or moréhgaakes can thus be
approximated by the probability for a standard normal dhstion to be above

195-14
V14

and according to the table for the standard normald digiobuthis probability is -
0.92922= 0.07. Using 19 or 20 instead of 19.5 also give acceptable appaiions.

=147

4. (a) The table becomes

Sum of squ.,| Deg. freed.| Mean squ.| F value p value
Thickness 11.8 1 11.8 1.26 p> 0.25
Fold design 116.6 2 58.3 6.25 | 0.025< p < 0.05
Interaction 11.2 2 5.6 0.60 p> 0.25
Residuals 56.0 6 9.33

Total 195.6 11



(b) The folding design seems to make a significaffedgence for the flight length. How-
ever, the thickness of the paper does not seem to mak&eaettice, and there seems
to be no interaction between the two factors. From the valuéise table, it is im-
possible to tell which of the three designs gives the lonfjgstg paper airplane.

(c) First, let's compute the sum of squares for the thicknésge average measurements
are 11.633 and 14.767 for the thick and thin planes, resmdgtiwhile the grand

mean is 13.2. Thus the sum of squares for the thickness bacome
6-(11.633-132)° + 6 (14.767— 13.2)* = 2945

Secondly, the average measurements for the three designklaf75, 13.1, and
14.725 for design A, B, and C, respectively. Thus the sum ofegg for the de-
sign becomes

4.(11775- 1327 +4-(131-132)* + 4. (14725- 132)* = 17.46

As the analysis includes interaction, we can find the sum w&ses for the residuals
as follows: The average values in each of the 6 cells in the @de, i.e., the fitted
values in a model including interaction, are

10.5
135
10.9

13.05
12.7
18.55

Thus the measurements minus the fitted values are

25| -0.25
-2.5] 0.25
25| 0.1
-25] -0.1
05| 1.35
-0.5]-1.35

and the sum of the squares of these numbers are 29.29. Fislyways, the total
sum of squares can be found by computing the sample variaueeh is 10.22, and
multiplying it with 11 (one minus the number of measuremgmsich gives 112.42.
The sum of squares for interaction can be found by subtnactiod the first part of
Hans’ ANOVA table becomes

Sum of squ.| Deg. freed.| Mean squ.| F value| p value
Thickness 29.45
Fold design 17.46
Interaction 36.23
Residuals 29.29
Total 112.42

5. An important aspect is that Dmitrii should try to make sthat if his data indicate a
difference in the “goodness” of the two recipes, thi§edence cannot be explained by
other factors. For example



o If Dmitrii wanted results valid for the recipes themselvasd not for his interpre-
tation of them, he should ideally get 10 of his friends to ebheke a pizza, with
5 following the old and 5 following the new recipe. Howeverpma realistically,
Dmitrii would bake all the pizzas himself. With this setujs results would be valid
for his interpretation of the recipes.

¢ Itis important that diferences between the pizzas are connected to the recipéds, and
nothing else. For example, Dmitrii should avoid making fivezas of one type first,
and then the other type, as then either the first type wouldl or re-heated, or
his friends would eat one type first, when they were hungrg, taen the other type.
If he can bake two pizzas in his oven at the same time, he coala&rd runs with
one of each type of pizza in the oven simultaneously. To tiengthat he cannot do
blocking in this way, he should consider randomization.

¢ In the tasting, each person should ideally get pieces of hiattas simultaneously, so
as to be able to make a direct comparison.

e Dmitrii should try to avoid that his friends influence eachatin their grading of the
pizzas. If there is such an influence, the results becomendepé and dficult to
analyze.

e Dmitrii should ask his friends to give each pizza type a séamm O to 10. Although
it woudl be easier for his friends simply to indicate whiclaza they like best, a score
could also given some information about how much better sr@mpared to the
other, or if they are basically the same (and if the persagslikebab-pizza or not).

e Dmitrii should not inform his friends which is the old recipad which is the new, as
his friends then might indicate that the new one is the besttp be a good friend.

6. (a) Using “+” and “-” for the two settings of his parameters, a possibleezkmental plan
could look like

A/B|C|D
- -+ |+
-+ -+
- + + -
+ -] -+
+ |-+ -
+ |+ - -
+ |+ |+ |+

where the settings for factor D has been constructed as turipr ABC.
(b) The confounded interactiorifects in the experimental plan above are

AB = CD
AC = BD
AD = BC

7. (&) Formachine X, the sample meanis 75.4 and the sampémear35.3. For machine'Y,
the sample mean is 85.8, and the sample variance is 112.2.th@pooled variance



2 4.353+4-1122
P 4+4
If we assume a common precision for both normal distribigjcemd if we use a
standard prior, then the posterior for thétdrence between the expectations of the
two distributions is the t distribution

=7375.

t(85.8 ~754,5+5-2,log (% + %) 73.75] = 1(10.4, 8, log V29.5)

Thus the expectation is 10.4, and a 95% credibility inteivgliven by
[10.4 — V2952306 104 + V29.52.306] = [-2.12,22.92]

where 2306 = ty o253 IS the value such that a t distribution with 8 degrees of foeed
has probability 0.025 of being above this value.
(b) The posterior for the logged scales
545-25+5-2
2 7 2 S%

ExpGamm% —2) = ExpGamma(4295 -2)

Thus a 95% credibility interval for the standard deviat@ris given by
\/2 - 295 \/2- 295

17.53° 218
where 218 = x§ 4,54 @nd 1753 = x5, are the values such tha@ distribution

with 8 degrees of freedom has probabilities 0.975 and 0.02%mg above these
values, respectively. Thus a 95% credibility interval foe varianceis given by

[5.8014, 16.4517] = [33.66,27064].

= [5.8014 16.4512]

(c) The test statistic becomes
s 1122

£ 353

and this should be compared with an F distribution with 4 anedrees of freedom.
Comparing with the relevant tables, we see that the proibafol such a distribution
to be above 3.178 is between 0.1 and 0.25, so the p-valuevieéet0.2 and 0.5.
Thus, one should not reject the null hypothesis in this caise jt is not necessary for
Emma to re-do her calculations.

=3.178

8. The two plots on the left indicate that there are problenith Wis current model. The
normal probability plot on the top left has a slight S-shapéijcating that the residuals
are not normally distributed. The plot of the residuals aghthe predictoi, indicate
that the residuals depend on this predictor, which they lshoot according to the linear
model. What seems to be wrong is that the residuals make agtimpghlyx, = 55. This
indicates that the output changes abruptly in size wkepasses 55. This phenomenon
might also be the reason why the residuals do not seem to bealgrdistributed. A way
to do the analysis might then be to include a predictor th@twgenx, < 55 and 1 when
X; > 55.



