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January 13, 2011 Department of Statistics

Johannes Forkman

Solutions to
WRITTEN EXAMINATION IN EXPERIMENTAL DESIGN

Time: 09.00 – 14.00.

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

a) The block design is not balanced, because A and B occurs together in a single block, but B and C occurs together in two blocks.

b) The incidence matrix is

N = 
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The block size vector is k = (3, 3, 3)’ and the replicate vector is r = (2, 2, 3, 2)’. The number of observations is N = 9. The block design is not orthogonal, because N ≠ rk’/N. 

c) NN’ = 
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d) 
SST = 1964 – 1262/9 = 200.00
SSE = (-0.6)2 + 1.42 + ... + (-2.0)2 = 15.60
Block
Sum

I
31

II
48

III
47
SSBlock = 1/3 (312 + 482 + 472) – 1262/9 = 60.67
Source

SS

DF
MS

F
P
Block

  60.67

2
30.33
Treatment
123.73

3
41.24

7.93
>0.05
Error

  15.60

3
  5.20
Total

200.00

8
Answer: Adjusted for blocks, the treatments are not significantly different.

Problem 2
SST = 778 – 902/12 = 103.00

SSTemp = 1/4 (402 + 312 +192) – 902/12 = 55.50

SSPressure = 1/6 (532 + 372) – 902/12 = 21.33

SSSubtotals = 1/2 (262 + 162 + 142 + 172 + 152 + 52) – 902/12 = 85

SSTemp*Pressure = 85 – 55.50 -21.33 = 8.17



  SS

DF
 MS

F

P
Temperature

55.50

  2
27.75

9.25

< 0.05
Pressure

21.33

  1
21.33

7.11

< 0.05
Temp*Press

8.17

  2
  4.08

1.36

> 0.05
Error


18.00

  6
  3.00
Total


103.00

11
Answer: H01 and H02 are rejected, but H03 is not.
Problem 3

a) Note that E = AB. Thus, the defining relation is I = ABE.

Answer: The resolution is III, because the defining relation is I = ABE, and the smallest word in the defining relation has three letters.
b)

I = ABE

A = BE

B = AE

C = ABCE

D = ABDE

E = AB

AC = BCE

AD = BDE

BC = ACE

BD = ADE

CD = ABCDE

CE = ABC

DE = ABD
ACD = BCDE
BCD = ACDE

CDE = ABCD

Problem 4
	A
	B
	C
	A + 2B + C
	Block

	0
	0
	0
	0
	0

	0
	0
	1
	1
	1

	0
	0
	2
	2
	2

	0
	1
	0
	2
	2

	0
	1
	1
	3
	0

	0
	1
	2
	4
	1

	0
	2
	0
	4
	1

	0
	2
	1
	5
	2

	0
	2
	2
	6
	0

	1
	0
	0
	1
	1

	1
	0
	1
	2
	2

	1
	0
	2
	3
	0

	1
	1
	0
	3
	0

	1
	1
	1
	4
	1

	1
	1
	2
	5
	2

	1
	2
	0
	5
	2

	1
	2
	1
	6
	0

	1
	2
	2
	7
	1

	2
	0
	0
	2
	2

	2
	0
	1
	3
	0

	2
	0
	2
	4
	1

	2
	1
	0
	4
	1

	2
	1
	1
	5
	2

	2
	1
	2
	6
	0

	2
	2
	0
	6
	0

	2
	2
	1
	7
	1

	2
	2
	2
	8
	2


Problem 5
a) MSE = 0.27 is an estimate of e2, and (MSA – MSE)/n = (1.02 – 0.27)/6 = 0.125 is an estimate of a2.
b) The intraclass correlation coefficient is 0.125/(0.125 + 0.27) = 0.32.
c) (L, U) is a 95 % confidence interval for the ratio a2e2, where
L = 1/n (MSA/(MSE · F/2, a – 1, N – a) – 1) = 1/6 ( 1.02/(0.27 · 2.22) – 1) = 0.117
U = 1/n (MSA/(MSE · F1-/2, a – 1, N – a) – 1) = 1/6 ( 1.02/0.27 · 3.00 – 1) = 1.72
because F1-/2. a – 1, N – a = 1/F/2. N – a, a – 1 = 1/3.00
95 % confidence interval for the intraclass correlation coefficient:

L/(1 + L) = 0.117/1.117 = 0.10 ; U/(1 + U) = 1.72/2.72 = 0.63.

Answer: (0.10 , 0.63)

Problem 6

	
	
	DF
	SS
	MS
	F
	P

	
	A
	4
	86
	21.5
	1.41
	> 0.05

	
	Error
	8
	122
	15.25
	
	

	
	Total
	12
	208
	
	
	

	
	
	
	
	
	
	

	
	
	DF
	SS
	MS
	F
	P

	
	B
	5
	275
	55
	2.71
	> 0.05

	
	Error
	10
	203
	20.3
	
	

	
	Total
	15
	478
	
	
	

	
	
	
	
	
	
	

	
	
	DF
	SS
	MS
	F
	P

	
	AB
	20
	418
	20.9
	2.25
	< 0.05

	
	Error
	40
	371
	9.275
	
	

	
	Total
	60
	789
	
	
	


Answer: H03 is rejected, but H01 and H02 are not rejected.
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