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WRITTEN EXAMINATION IN EXPERIMENTAL DESIGN
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Permitted facilities: Pocket calculator without stored formulas and text. Statistical tables distributed at the examination. One sheet of paper, size A4, with own notes and formulas.

Problem 1. Table 1 comprises observations from a block experiment with four treatments: A, B, C and D. A linear model with the factors Block (with levels I, II and III) and Treatment (with levels A, B, C and D) was fitted. Predicted values and residuals are included in Table 1.
The total sum of the observations is 8 + 8 + ... + 15 = 126. The uncorrected total sum of squares is 82 + 82 + ... 152 = 1964.

Table 1
	Block
	Treatment
	Observation
	Predicted
	Residual

	I
	A
	8
	8.6
	-0.6

	I
	B
	8
	6.6
	 1.4

	I
	C
	15
	15.8
	-0.8

	II
	B
	9
	10.4
	-1.4

	II
	C
	19
	19.6
	-0.6

	II
	D
	20
	18.0
	 2.0

	III
	A
	12
	11.4
	 0.6

	III
	C
	20
	18.6
	 1.4

	III
	D
	15
	17.0
	-2.0


a) Is this a balanced block design? Justify your answer. (1 point)
b) Is this an orthogonal block design? Justify your answer. (1 point)
c) Write down the concurrence matrix. (1 point)
d) Test on significance level 5 % the hypothesis of no differences between the treatments (over and above what can be explained by differences between the blocks). (3 points)
Problem 2. In a chemical experiment, the time to reach chemical equilibrium was measured. Two factors were studied: Temperature (with levels Low, Medium and High) and Pressure (with levels Low and High). Two complete replicates were obtained. The observed times yijk may be modelled as yijk =  + i + j + ()ij + ijk, where  is the overall mean effect; i is the effect of temperature i; j is the effect of pressure j; ()ij is the effect of the interaction between temperature i and pressure j; and ijk is N(0, 2), where i = 1, 2, 3; j = 1, 2; k = 1, 2. The temperature effects sum to zero (ii = 0), the pressure effects sum to zero ((jj = 0), and the interaction effects sum to zero (iij = 0, jij = 0).
The obtained data are given in Table 2. The uncorrected total sum of squares is 132 + 102 + ... + 42 = 778.
Give the complete ANOVA 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)
Table 2
	
	
	Temperature
	

	
	
	Low
	Medium
	High
	Sum

	Pressure


	Low


	13

10
	9

7
	8

6
	53

	
	High


	8

9
	6

9
	1

4
	37

	
	Sum
	40
	31
	19
	90


Problem 3. A 25–1 design is given in Table 3. 

Table 3
	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

	-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


a) What is the resolution of this design? Justify your answer. (2 points)
b) Write out the alias structure for this design. (2 points)
Problem 4. Write down a 33 design with 3 blocks confounded with the AB2C component of the three-factor interaction. (3 points)
Problem 5. At a laboratory, 12 pipettes were randomly selected for a study of the variability within and between pipettes. Deionized water was pipetted, and weights were recorded. Six replicates were made. 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, ..., 12, j = 1, 2, ..., 6. Table 4 shows the result of the ANOVA.
a) Estimate the variance components a2 and e2 (2 points)
b) Calculate the intraclass correlation coefficient (using the estimates from a) (1 point)
c) Calculate a 95 % confidence interval for the intraclass correlation coefficient (2 points)
Table 4
	
	SS
	DF
	MS
	F
	P

	Pipettes
	11.23
	11
	1.02
	3.76
	0.0004

	Error
	16.30
	60
	0.27
	
	

	Total
	27.53
	71
	
	
	


Problem 6. Two factors, A and B, were compared in a strip-split-plot experiment with three blocks and 30 plots per block. Within each block the plots were arranged in five columns and six rows. The levels of factor A were randomised to the columns within each block, and the levels of factor B were randomised to the rows within each block. The observations yijk are assumed to follow the model
yijk =  + ai + j + k + bij + cik + jk + eijk  ,
               (1)
where i indicates blocks: i = 1, 2, 3; j indicates columns: j = 1, 2, ..., 5; and k indicates rows: k = 1, 2, ..., 6. In Equation (1), j is a fixed effect of the j:th level of factor A; k is a fixed effect of the k:th level of factor B, and jk is a fixed effect of the interaction between the factors A and B. Moreover, aj is a random effect of the i:th block, bij is a random effect of column with the j:th level of A in the i:th block, cik is a random effect of the row with the k:th level of B in the i:th block, and eijk is a random residual error. The random effects and errors are independently normally distributed with expected value 0.
The sums of squares for the strata of the experiment are shown in Table 5. The treatment sums of squares are provided in Table 6.
Test on significance level 5 % the hypotheses


H01: No main effects of factor A

H02: No main effects of factor B

H03: No interaction between the factors A and B







(6 points)
Table 5
	Stratum
	DF
	SS

	Blocks
	2
	799

	Columns
	12
	208

	Rows
	15
	478

	Plots
	60
	789

	Total
	89
	2274


Table 6
	Factor
	DF
	SS

	A
	4
	86

	B
	5
	275

	A*B
	20
	418


