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Problem 1. Consider the design presented in Table 1.

a) What is the resolution of this design? Justify your answer. (2 points)

b) Write out the alias structure for this design. (2 points)

c) The results obtained are

a = 4,
bc = 1,
be = 1,
cd = 6,

de = 4, 
ace = 5, 
abd = 2, 
abcde = 3.
    Calculate the sums of squares SSA and SSB. (2 points)
Table 1
	A
	B
	C
	D
	E

	1
	1
	1
	1
	1

	1
	1
	-1
	1
	-1

	1
	-1
	1
	-1
	1

	1
	-1
	-1
	-1
	-1

	-1
	1
	1
	-1
	-1

	-1
	1
	-1
	-1
	1

	-1
	-1
	1
	1
	-1

	-1
	-1
	-1
	1
	1


Problem 2
a) Construct a 26-2 design with resolution IV. You do not have to randomise the design.

(2 points)

b) Partition the runs into two blocks that are not confounded with any main effect or with any two-factor interaction. (2 points)
Problem 3. Assume that we have 21 experimental units that can be divided into seven blocks of size three. Construct a balanced incomplete block design for seven treatments: A, B, C, D, E, F and G. You do not have to randomise the treatments within the blocks. (3 points)

Problem 4. The Cool Company produces three carbonated soft drinks: Fantastic, Spirit, and Cool. In an experiment carried out at a pizzeria, twelve women and twelve men were served one of the three soft drinks for free when they ordered pizza, according to a completely randomised balanced design with two factors (Gender and Soft drink). Afterwards their consumptions were recorded. Table 2 gives the consumed volumes yijk, which may be modelled as yijk =  + i + j + ()ij + ijk, where  is the overall mean effect; i is the effect of the i:th gender; j is the effect of the j:th soft drink; ()ij is the effect of the interaction between the i :th gender and the j:th soft drink; and ijk is N(0, 2), where i = 1, 2; j = 1, 2, 3;  k = 1, 2, 3, 4. The gender effects sum to zero (ii = 0), the soft drink effects sum to zero (jj = 0), and the interaction effects sum to zero (iij = 0, jij = 0).

The uncorrected total sum of squares is 422 + 322 + ... + 432 = 35964.
Give the complete ANOVA table, and test on level 5 % the hypotheses

H01: 1 = 2 = 0 ,


H02: 1 = 2 = 3 = 0 and

H03: ()ij = 0 for all i and j.

(6 points)
Table 2. Consumption of soft drinks (centilitres)
	Women

	Fantastic
	Spirit
	Cool
	Sum

	
	42
	33
	43
	

	
	32
	28
	31
	

	
	29
	13
	46
	

	
	34
	18
	19
	368

	Men


	75
	44
	25
	

	
	43
	49
	33
	

	
	23
	33
	42
	

	
	57
	39
	43
	506

	Sum
	335
	257
	282
	874


Problem 5. Cobra 100 is an instrument for analytical chemistry. In the rotor of the instrument, the temperature is controlled to approx. 37 degrees Celsius. For quality control, three instruments were randomly selected from the production of instruments. Four runs were made per instrument, and temperatures were recorded (Table 3).

Table 3
	Instrument
	Recorded temperatures (°C)
	Mean

	1
	34.2; 36.9; 38.3; 36.2
	36.4

	2
	37.6; 38.3; 38.8; 38.5
	38.3

	3
	38.7; 34.8; 36.4; 36.5
	36.6


Consider the model yij =  + ui + eij, where yij denotes the j:th recorded temperature on the i:th instrument, ui are independently N(0, u2), and eij are independently N(0,e2), i = 1, 2, 3, j = 1, 2, 3, 4. 

The uncorrected total sum of squares is 34.22 + 36.92 + ... + 36.52 = 16542.86. The overall mean is (36.4 + 38.3 + 36.6)/3 = 37.1.

a) Test the hypothesis H0: u2 = 0. (2 points)

b) Estimate u2 and e2. (2 points)

c) Calculate the intraclass correlation coefficient (using the estimates from b) (1 point)
d) Calculate best linear unbiased predictions of u1, u2 and u3. (2 points)

Problem 6. In a pharmaceutical experiment, four treatments were compared: Low dose, Medium dose, High dose and Placebo The observed means are given in Table 4, and an ANOVA is provided in Table 5.

Consider the model

yij =  + i + eij,
i = 1, 2, 3, 4;
j = 1, 2, 3, 4,

where


 is an overall mean


1 is a fixed effect of the treatment Low dose,


2 is a fixed effect of the treatment Medium dose,


3 is a fixed effect of the treatment High dose, 


4 is a fixed effect of the treatment Placebo, and


eij is N(0, 2), i = 1, 2, 3, 4; j = 1, 2, 3, 4.

a) Test on significance level 5 % the hypothesis H01: 4 = (1 + 2 + 3)/3 (2 points)

b) Test on significance level 5 % the hypothesis H02: 1 = 2 = 3
(2 points)

Table 4. Number of observations (n), and means per treatment
	Treatment
	n
	Mean

	Low dose
	4
	97.75

	Medium dose
	4
	106.50

	High dose
	4
	102.75

	Placebo
	4
	84.00


Table 5. ANOVA

	
	SS
	DF
	MS
	F
	P

	Treatments
	1162.5
	3
	387.5
	3.99
	0,0349

	Error
	1166.5
	12
	97.21
	
	

	Total
	2329
	15
	
	
	


