STOCKHOLM UNIVERSITY




February 14, 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
Note that D = AB and E = AC. Thus, the defining relation is I = ABD = ACE = BCDE.

a) Answer: The resolution is III, because the shortest word in the defining relation has three letters.
b)
I = ABD = ACE = BCDE


A = BD = CE = ABCDE

B = AD = ABCE = CDE


C = ABCD = AE = BDE


D = AB = ACDE = BCE


E = ABDE = AC = BCD


BC = ACD = ABE = DE


BE = ADE = ABC = CD

c) 
	A
	B
	C
	D
	E
	Obs

	1
	1
	1
	1
	1
	3

	1
	1
	-1
	1
	-1
	2

	1
	-1
	1
	-1
	1
	5

	1
	-1
	-1
	-1
	-1
	4

	-1
	1
	1
	-1
	-1
	1

	-1
	1
	-1
	-1
	1
	1

	-1
	-1
	1
	1
	-1
	6

	-1
	-1
	-1
	1
	1
	4



SSA = (3 + 2 + 5 + 4 – 1 – 1 – 6 – 4)2/ 25 - 2 = 4/8 = 0.5

SSB = (3 + 2 – 5 – 4 + 1 + 1 – 6 – 4)2/ 25 - 2 = 144/8 = 18
Problem 2

Tables 8.14 and X(f) suggests E = ABC and F = BCD. Table X(f) suggests confounding with ABD.
	A
	B
	C
	D
	E
	F
	ABD
	Block

	1
	1
	1
	1
	1
	1
	1
	I

	1
	1
	1
	-1
	1
	-1
	-1
	II

	1
	1
	-1
	1
	-1
	-1
	1
	I

	1
	1
	-1
	-1
	-1
	1
	-1
	II

	1
	-1
	1
	1
	-1
	-1
	-1
	II

	1
	-1
	1
	-1
	-1
	1
	1
	I

	1
	-1
	-1
	1
	1
	1
	-1
	II

	1
	-1
	-1
	-1
	1
	-1
	1
	I

	-1
	1
	1
	1
	-1
	1
	-1
	II

	-1
	1
	1
	-1
	-1
	-1
	1
	I

	-1
	1
	-1
	1
	1
	-1
	-1
	II

	-1
	1
	-1
	-1
	1
	1
	1
	I

	-1
	-1
	1
	1
	1
	-1
	1
	I

	-1
	-1
	1
	-1
	1
	1
	-1
	II

	-1
	-1
	-1
	1
	-1
	1
	1
	I

	-1
	-1
	-1
	-1
	-1
	-1
	-1
	II


Problem 3
In a balanced incomplete block design all pairs of treatments occur together in blocks the same number of times, in this case one time.

This is one possible solution:
	I
	II
	III
	IV
	V
	VI
	VII

	A
	B
	C
	D
	E
	F
	G

	G
	A
	B
	C
	D
	E
	F

	E
	F
	G
	A
	B
	C
	D


A and B occur together in one block (II), A and C occur together in one block (IV), and so on.

Problem 4
SSTotal = 35964 – 8742/24 = 35964 – 31828.17 = 4135.83
SSGender = (3682 + 5062)/12 – 8742/24 = 793.50
SSSoftDrink = (3352 + 2572 + 2822)/8 - 8742/24 = 32224.75 – 31828.17 = 396.58
SSSubtotal = (1372 + 1982 + 922 + 1652 + 1392 + 1432)/4 – 8742/24

= 33358 – 31828.17 = 1529.83

SSGender*SoftDrink = SSSubtotal – SSGender – SSSubtotal = 


= 1529.83 – 793.50 – 396.58 = 339.75

Source


SS

DF
MS

F
P
Gender


  793.50

1
793.50

5.48
< 0.05
SoftDrink

  396.58

2
198.29

1.37
> 0.05
Gender*SoftDrink
  339.75

2
169.88

1.17
> 0.05
Error


2606.00
18
144.78
Total


4135.83
23
Answer: H01 is rejected, but H02 and H03 are not rejected.
Problem 5
a)

y.. = 37.1 · 12 = 445.2
y1. = 145.6; y2. = 153.2; y3. =146.4
SSTotal = 16542.86 – 445.22/12 = 16542.86 – 16516.92 = 25.94
SSInstrument = (145.62 + 153.22 + 146.42)/4 – 16516.92 = 16525.64 – 16516.92 = 8.72
Source

DF
SS

MS
F
P
Instrument
  2
8.72

4.36
2.28
> 0.05
Error

  9
17.22

1.91
Total

11
25.94

Answer: H0 is not rejected

b)
e2 is estimated by MSE = 1.91, and u2 is estimated by (MSInstrument – MSE)/n = (4.36 – 1.91)/4 = 0.61.
Answer: The variance components u2 and e2are estimated to 0.61 and 1.91, respectively.
c)

0.61/(1.91 + 0.61) = 024. Answer: The intraclass correlation coefficient is estimated to 0.24.

d)

Shrinkage factor: 0.61/(1.91/4 + 0.61) = 0.561.

u1 : 0.561(36.4 – 37.1) = 0.561 · (-0.7) = -0.393
u2 : 0.561(38.3 – 37.1) = 0.561 · 1.2 = 0.673
u3 : 0.561(36.6 – 37.1) = 0.561 · (-0.5) = -0.281
Problem 6
a)
H01: 
[image: image1.wmf]

 EMBED Equation.3  [image: image2.wmf]å

=

=

a

i

i

i

c

1

0

m

, c1 = c2 = c3 = 1 ; c4 = -3

[image: image3.wmf]22

3

3

1

1

1

4

21

97

00

84

3

75

102

50

106

75

97

2

2

2

2

1

2

1

0

.

)

(

.

.

.

.

.

=

+

+

+

×

-

+

+

=

=

å

å

=

=

a

i

i

E

a

i

i

i

c

n

MS

y

c

t


Alternative solution:
(97.75 + 106.50 + 102.75)/3 = 307/3 = 102.33
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Compare with a t-distribution with 12 degrees of freedom
Answer: H01 is rejected on level 5 %.

b)

For H01:
F = t02 = 3.222 = 10.37

MS01 = F · MSE = 10.38 · 97.21 = 1008.3

SS01 = MS01 · DF01 = 1008.3 · 1 = 1008.3
Thus, for H02:


SS02 = SSTreatments – SS01 = 1162.5 – 1008.3 = 154.2
Alternatively, SS01 and SS02 may be calculated using simple sums:

	Treatment
	Sum

	Low
	391

	Medium
	426

	High
	411

	Placebo
	336


SS01 = (391 + 426 + 411)2/12 + 3362/4 - (391 + 426 + 411 + 336)2/16 = 1008.3

SS02 = (3912 + 4262 + 4112)/4 – (391 + 426 + 411)2/12 = 154.2



SS

DF
MS
F
P
Active – Placebo
1008.3

1
1008
10.37
< 0.05
Doses


  154.2

2
77.25
0.79
> 0.05
Error


1166.5

12
97.21
Total


2329.0

15
Answer: H02 is not rejected on level 5 %.
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