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Problem 1. A company producing brightly coloured dishcloths purchases raw material from two suppliers: the German supplier Sonnen and the Danish supplier Christensen. The absorption capacity is dependent on the amount of salt in the raw material. The salt content varies between the suppliers’ batches of raw material. Table 1 shows data from five randomly selected batches per supplier. There are two measurements of the salt content per batch. The total sum is 5 + 6 + … + 7 = 96, and the uncorrected total sum of squares is 52 + 62 + ... + 72 = 508. Construct the complete ANOVA table and test on level 5 % the hypothesis of no differences between the suppliers (5 points).
Table 1
	Supplier
	Batch
	Salt content

	Sonnen
	1
	5

	Sonnen
	1
	6

	Sonnen
	2
	3

	Sonnen
	2
	3

	Sonnen
	3
	2

	Sonnen
	3
	5

	Sonnen
	4
	3

	Sonnen
	4
	4

	Sonnen
	5
	4

	Sonnen
	5
	5

	Christensen
	1
	6

	Christensen
	1
	3

	Christensen
	2
	5

	Christensen
	2
	5

	Christensen
	3
	4

	Christensen
	3
	6

	Christensen
	4
	8

	Christensen
	4
	5

	Christensen
	5
	7

	Christensen
	5
	7


Problem 2. A fractional factorial experiment with five factors (A, B, C, D and E) was carried out, and the following eight observations were obtained:
abcde = 29, be = 32, ade = 18, ce = 29,

ab = 39, bcd = 17, ac = 38, d = 10

a) Estimate the effect of the factor A (1 points)

b) Which is the defining relation? (1 points)

c) Which is the resolution? Justify your answer. (1 points)

d) Determine all alias relationships (2 points)

Problem 3. Eleven overweight students took part in an experiment with three different reducing diets: Good and Green (G), Meat and Mushrooms (M), and Wine and Water (W). The students were randomised to the treatments. Table 2 gives obtained weight reductions during one month on diet.
a) Carry out a one-way analysis of variance and test on level 5 % the hypothesis that the three diets have equal effect. (3 points)
b) Use Tukey’s method (also called Tukey-Kramer’s method) for testing the hypothesis that the effect of Diet G is the same as the effect of Diet W. (2 points)
Table 2

	Student
	Diet
	Weight reduction (kg)

	Lotta
	G
	5

	Said
	G
	6

	Magnus
	G
	8

	Karl-Bertil
	G
	5

	Vera
	M
	6

	Julia
	M
	3

	Maria
	M
	2

	Jasmine
	M
	1

	Otto
	W
	3

	Erik
	W
	2

	Olga
	W
	1


Problem 4. A 24 experiment is planned for investigation of the effects of Temperature, Pressure, Time and Angle. It is only possible to investigate four combinations at a time. For this reason, the experiment shall include four blocks with four combinations per block. Table 3 presents a partitioning into blocks. This partitioning is a proposal. The partitioning was made using the defining interactions ABC and ABCD.
a) Which is the disadvantage with the partitioning presented in Table 3? (2 points)

b) Suggest a better partitioning into blocks (2 points)

Table 3

	Block
	A: Temperature
	B: Pressure
	C: Time
	D: Angle

	I
	+
	+
	+
	+

	III
	+
	+
	+
	-

	IV
	+
	+
	-
	+

	II
	+
	+
	-
	-

	IV
	+
	-
	+
	+

	II
	+
	-
	+
	-

	I
	+
	-
	-
	+

	III
	+
	-
	-
	-

	IV
	-
	+
	+
	+

	II
	-
	+
	+
	-

	I
	-
	+
	-
	+

	III
	-
	+
	-
	-

	I
	-
	-
	+
	+

	III
	-
	-
	+
	-

	IV
	-
	-
	-
	+

	II
	-
	-
	-
	-


Problem 5. The head of the production unit on a manufacturing company carried out an experiment in order to investigate assembly time (in minutes). She let six randomly chosen operators assemble products from eight randomly selected batches of raw material. The experiment was repeated once, so that the total number of observations became 96. The observations from the experiment can be described by the model yijk =  + ai + bj + (ab)ij + eijk, where ai is N(0, a2), bj is N(0, b2), (ab)ij is N(0, ab2) and eijk is N(0, e2), i = 1, 2, …, 6 (denotes operators); j = 1, 2, …, 8 (denotes batches); k = 1, 2 (denotes repetitions). Sums of squares were calculated according to Table 4.
a) Estimate the variance components a2, b2, ab2 och e2 (2 points)

b) Test on level 5 % the hypothesis that a2 = 0 (1 point)

c) Test on level 5 % the hypothesis that b2 = 0 (1 point)

d) Test on level 5 % the hypothesis that ab2 = 0 (1 point)

Table 4

	
	SS
	DF
	MS

	Operator
	8752
	5
	1750,4

	Batch
	7149
	7
	1021,3

	Operator*Batch
	1821
	35
	52,0

	Error
	244
	48
	5,1

	Total
	17966
	95
	189,1


Problem 6. Table 5 comprises observations from a randomised complete 23 experiment with three replicates. The uncorrected total sum of squares is 22 + 32 + 52 + 12 + ... + 72 = 507. Construct the complete ANOVA table (SS, DF, MS, F) for an analysis of variance including all factors (A, B, C) and all interactions. Which factors and interactions are significant on level 5 %? (6 points)
Table 5

	A
	B
	C
	Observations
	Sum

	+
	+
	+
	2 ; 3 ; 5
	10

	+
	+
	-
	1 ; 2 ; 2
	5

	+
	-
	+
	5 ; 4 ; 6
	15

	+
	-
	-
	4 ; 8 ; 8
	20

	-
	+
	+
	3 ; 2 ; 3
	8

	-
	+
	-
	2 ; 2 ; 1
	5

	-
	-
	+
	3 ; 1 ; 8
	12

	-
	-
	-
	6 ; 7 ; 7
	20
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