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Problem 1. Construct a 27-3 design with resolution IV. Partition the runs into two blocks that are not confounded with any main effect or with any second order interaction. You do not have to randomise the design. (3 points)
Problem 2. In a balanced randomised complete block experiment comprising 24 experimental units, four treatments were compared: A, B, C and D. The standard deviation in the 24 observations was 2.13. Table 1 gives means and standard errors.
a) Test on level 5 % the hypothesis of no differences between the treatments.   (2 points)

b) Calculate the least significant difference. Which pairs of treatments are significant using this measure?   (2 points)

Table 1. Means and standard errors per treatment (n = 6)

	Treatment
	Mean
	Standard error

	A
	5.67
	0.80

	B
	7.00
	0.86

	C
	3.67
	0.61

	D
	4.17
	0.60


Problem 3. We have randomly selected ten boxes from a production batch, and from each box we have randomly selected two units that were tested with regard to strength. The observations can be described by the model yij =  + ai + eij, where ai are N(0, a2) and eij are N(0, e2), i = 1, 2, ..., 10, j = 1, 2. Table 2 shows the result of an analysis of variance performed on the observations.
a) Estimate the variance components a2 and e2 (2 points)

b) Calculate the intraclass correlation coefficient (1 point)

c) Calculate a 95 % confidence interval for e2 (2 points)

d) Calculate a 95 % confidence interval for the ratio a2 /e2 (2 points)

Table 2

	
	DF
	SS
	MS
	F
	P

	Boxes
	9
	322,3
	35,8
	1,9
	0,16

	Error
	10
	185,6
	18,6
	
	

	Total
	19
	507,9
	
	
	


Problem 4. You have 16 experimental units and shall plan an experiment for three factors: A, B and C. Each factor has four levels: 1, 2, 3 and 4. The model for the observations can be written yijk =  + i + j + k + eijk, where i is the effect of the i :th level of factor A, j is the effect of the j :th level of factor B, k is the effect of the k:th level of factor C, and eijk are independent N(0, 2), i = 1, 2, 3, 4; j = 1, 2, 3, 4; k = 1, 2, 3, 4.
a) Specify a design that gives independent tests of the factors. Report your design as a table of specified levels, similar Table 3. You do not have to randomise the design. (2 points)
Table 3.

	Experimental unit
	A
	B
	C

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	16
	
	
	


b) Using your design from problem a, assume the response variable takes the values presented in Table 4. The total sum is 7 + 7 + ... 9 = 188. The uncorrected total sum of squares is 72 + 72 + ... + 92 = 2444. Which factors are significant on level 5 % ? (4 points)
Table 4.

	Experimental unit
	y

	1
	7

	2
	7

	3
	8

	4
	10

	5
	17

	6
	19

	7
	15

	8
	18

	9
	11

	10
	12

	11
	14

	12
	8

	13
	12

	14
	13

	15
	8

	16
	9


Problem 5. An experiment with three washing machines (Milla, Cylotta and Electroflux) and two washing detergents (Fia and Gabriel) was carried out for studying the influence of the factors on the washing capacity. Three washes were made per combination of washing machine and washing detergent. Table 5 gives the result. The total sum is 55 + 59 + ... + 62 = 1218. The uncorrected total sum of squares is 552 + 592 + ... + 622 = 84592. Table 6 presents means.
Table 5. All observations
	Machine
	Detergent
	Score

	Milla
	Fia
	55

	Milla
	Fia
	59

	Milla
	Fia
	72

	Milla
	Gabriel
	85

	Milla
	Gabriel
	75

	Milla
	Gabriel
	65

	Cylotta
	Fia
	68

	Cylotta
	Fia
	61

	Cylotta
	Fia
	75

	Cylotta
	Gabriel
	85

	Cylotta
	Gabriel
	75

	Cylotta
	Gabriel
	83

	Electroflux
	Fia
	68

	Electroflux
	Fia
	70

	Electroflux
	Fia
	45

	Electroflux
	Gabriel
	50

	Electroflux
	Gabriel
	65

	Electroflux
	Gabriel
	62


Table 6. Means
	Machine
	Detergent
	n
	Mean

	Cylotta
	Fia
	3
	68

	Cylotta
	Gabriel
	3
	81

	Electroflux
	Fia
	3
	61

	Electroflux
	Gabriel
	3
	59

	Milla
	Fia
	3
	62

	Milla
	Gabriel
	3
	75


The observations can be described by the model yijk =  + i + j + ()ij + ijk, where  is the grand mean and i is the effect of the i:th machine, i = 1, 2, 3, and j is the effect if the j:th detergent, j = 1, 2, and ()ij is the effect of the interation between the i:th machine and the j:th detergent, and ijk are independent N(0, 2). 

Construct the complete analysis of variance table, and test on level 5 % the hypotheses

H01: 1 = 2 = 3 = 0 ,


H02: 1 = 2 = 0 and

H03: ()ij = 0 for all i and j.
(6 points)
Problem 6. Consider the design presented in Table 7.

a) Which is the defining relation? (1 poäng)

b) Which is the resolution? Justify your answer (1 poäng)

c) Determine all alias relationships (2 poäng)

Table 7

	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
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