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1. (a) The probability that none of his experiments were essful is
(1-0.7)(1-04)(1-04)=0.3-0.6-06=0.108

Thus, the probability that at least one was successfuH©.108 = 0.892.

(b) Lets use the notation
success The experiment was a success
not sucess The experiment was not a success
type X The experiment was of type X
other type The exeriment was of another type (i.e., Y or Z)
We can then use Bayes formula to write

n(type X| success)
n(success$type Xyr(type X)
n(success)
n(success$ type Xyr(type X)

n(success$type Xyr(type X) + m(success other typex(other type)
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So the probability is approximately 47%.

2. If we assume that the rate of tornatoes is stable from yegear, and that each tornado
appears independently from other tornadoes, we can assatihé number of tornadoes

during 2010 is Poisson distributed with a rate of 5.6.

(a) The probability of observing for a Poisson distribution with rate 5.6 is
1 X
n(X) = exp(—5.6);5.6

Thus the probability of observing 0 or 1 is

7(0) + 7(1) exp(—5.6)$5.6° + exp(—5.6)%5.61 = exp(5.6)(1+ 5.6)

0.003697864 6.6 = 0.0244

The probability is about 2.4%.



(b)

(©)

We can here use an approximation by the normal distobutiThe probability of
observing arx of 12 or more is approximately equal to the probability thatdable
with a standard normal distribution is above

115-56
V5.6

According to the table for the standard normal distributitims probability is 1—
0.99361= 0.00639, or about 0.6%.

= 2493

Under the assumption, the probability of observing XBadoes “or something more
extreme” compared to what would be expected under the aggumip twice the
probability computed in (b), i.e., about 1.2%. As this issl&@san 5%, it is customary
to rgject the the the assumptions are correct. Thus one would saydimetdoes do
not happen independently, or, possibly, that there is atimrethe weather or climate
that is changing the rate of tornadoes.

3. (a) According to the description of the problem, it is matuo use as data the amount

(b)

()

cut for seed A minus the amount cut for seed B at each locafibe.observed data
then becomes 0, 4, 1, 0, and 7. The avei@gad sample variancg of these values
are

X=24

and
£=03

A reasonable assumption is that th&eliences come from a normal distribution with
expectation: and logged scalg. We then get that

u | data~ t(X,5- 1, log \/g) =1(2.4,4,log V1.86)

So the expected flerence is 2.4. As a 95% credibility interval for the standard
distribution with 4 degrees of freedom is3.7764 2.7764], a 95% credibility interval
for uis

[2.4-27764- V1.86,2.4+ 2.7764- v1.86] = [-1.39,6.19]

The assumtions are that that th&eliences come from a normal distribution, and that
each of these tlierences are independent obserations from this normailistn.

As the length of the credibility interval contains thetiar in wheren is the number
of observations, we can roughly estimate that whencreases by a factor of 4, the
length of the credibility interval is halved. As the old lehgvas 819 — (-1.39) =
7.58, the rough guess is™. (More precisely, the length of the credibility interval

would be 2- t 2520 - 1/s,z\,EW/ZO wheretg g2520 = 2.086, and Wherﬁ,EW would be

the sample variance of the new data. As our best guess fovdhis is the sample
variance of the old data, our best guess for the length of ¢éhearedibility interval
would be 2- 2.086- v9.320= 2.844925.)



4. Emmett should use the design matrix

5.

0 0
03 009
06 036
1 1
15 225
2 4
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(a) We need to assume that the measurements are nornsdtiputed with expectation
1 and logged scalg. Then the logged scaleof the observations has distribution

7-17-1 141
7 | data~ ExpGamm{T, 70.0235 —2) = Gammz(g, OT —2)

As a 95% credibility interval for thg?(6) distribution is [1237, 14.449], a 95% cred-
ibility interval for ! | data is

| /0.141/14.449 /0.141/1.237] = [0.0987§ 0.3376]

Thus a 95% credibility interval for the precisiori(&')? becomes

[1/0.3376,1/0.09878] = [8.77,102]

(b) The test statistic becomes
0.0921

0.0235
which should be compared with an F distribution with 10 andegrdes of freedom.
From the tables for the F distribution, we see that the priiyabor a variable with
this distribution to be above 3.91 is between 0.05 and 0.1hes@-value for the test
is in the interval between 0.1 and 0.2. As the p-value is aloo®8, we do not reject
the null hypothesis that the two population variances atakq

=3.919149

(a) If the four factors are names A, B, C, and D, respectjvahd if their two levels
are named +” and “-”, then a possible fractional factorial design for 8oeriments
would be

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

Here, the last column, for D, has been produced by multiglyive three previous
columns:D = ABC.



7.

(b) As there are many other factors than the ones listed byilRethat will affect her
sales, which she cannot controle, and some of which vary tith, it is important
that she performs the 8 experiments in a randomized ordealRactors that Pernilla
can control, she should strive to keep them as constant agopmever the 8 days of
the trial period.

(a) For the dierent sums of squares we get

SSnuwrie = 8((7.0375- 7.0292F + (7.925- 7.0292F + (6.125— 7.0292F) = 12.96083
SStemp = 12((6175- 7.0292F + (7.8833- 7.0292f) = 17.50973
SSpn, = 12((6725- 7.0292¥ + (7.3333— 7.0292¥) = 2.220173
SStam = 23-2.557808= 5882958

SSpresiduas = 58.82958- 12.96083- 17.50973- 2.220173= 26.13885
This leads to the ANOVA table

SS D.f. M.sg. F p
Nutrient | 12.96083] 2 | 6.480415| 4.710532| 0.01 < p < 0.025
Temp 17.50973] 1 |17.50973 12.7276 p <0.01
Ph 2.220173] 1 | 2.220173| 1.629358] 0.1< p<0.25
Residuals| 26.13885] 19 | 1.375729
Total 58.82958 23

We have to assume that the data can be modelled by a lireelwithout interac-
tion: In other words, that observations can be describeti@sum of &ects based
on the three predictors plusdependent, normally distributed errors withequal vari-
ances.

As the p-value for both Nutrient and Temperature are \Wwelbw 0.05, one could
conclude that these factors influence the growth ratesfgigntly. However, the Ph
value does not seem to have a significant influence. Lookitigeadverages, one can
see that Nutrient B seems to give the best growth rate, andh@dow temperature
also seem to give the best growth rate.

(d) The new ANOVA table becomes:

(b)

(©)

SS D.f. | M.sq. F p
Nutrient | 12.96083| 2 | 6.480415| 2.969359| 0.05< p< 0.1
Ph 2.220173] 1 |2.220173| 1.017293] 0.25<p
Residuals 43.64858| 20 | 2.182429
Total 58.82958| 23
(e) The partial ANOVA table is:
SS D.f. Msg. |F|p

Nutrient 12.96083] 2 | 6.480415

Temp 17.50973] 1 | 17.50973

Ph 2.220173| 1 | 2.220173

Temp:Nutr 2

Residuals 17

Total 58.82958| 23




