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794 Appendix A:Tables

Table A.1 Random numbers∗ (Section1)

2 6 1 8 0 1 4 0 5 3 9 3 7 9 5 6 2 9 9 8 4 0 3 8 9 3 7 2 6 2 2 4 6 8 0 2

4 5 5 0 0 2 0 2 2 8 0 3 9 4 2 0 8 4 2 8 2 3 6 6 8 6 2 5 9 2 2 0 8 9 0 8

4 0 1 7 4 0 3 4 2 5 3 1 1 1 0 6 2 4 5 5 6 8 0 8 9 2 9 4 6 7 8 9 0 4 2 2

5 8 8 9 9 7 2 3 9 8 8 5 8 6 1 3 7 2 1 7 4 6 7 4 8 0 2 9 7 6 2 8 2 9 6 7

8 7 8 4 4 2 2 4 6 1 7 4 9 3 4 0 3 4 7 4 2 1 3 3 7 8 8 1 6 0 6 0 5 1 0 4

1 5 8 5 4 8 3 2 2 9 1 5 1 9 5 5 2 1 9 8 3 5 9 2 2 8 7 1 9 7 8 3 0 5 1 8

4 1 9 1 4 3 9 9 7 1 6 9 9 3 8 0 0 7 0 8 2 4 4 5 4 2 3 0 7 3 5 1 9 9 9 3

4 6 8 3 8 5 2 4 8 1 1 9 7 9 9 8 9 3 0 6 3 4 4 3 8 2 1 3 7 3 7 0 4 1 1 6

3 5 2 1 8 2 3 0 1 5 3 3 8 6 6 5 6 9 4 4 9 2 1 4 2 5 7 4 3 5 6 0 4 6 4 7

8 8 1 5 7 7 4 1 7 4 0 1 9 1 4 6 9 2 2 1 7 6 2 9 3 4 2 3 3 7 4 5 0 7 4 2

7 6 1 5 3 9 2 9 4 2 7 5 9 0 4 5 0 8 6 6 3 3 6 3 1 9 8 1 0 3 5 2 9 0 6 2

6 4 8 0 1 1 3 0 3 8 9 7 8 1 5 2 1 0 1 8 5 0 0 0 0 3 5 8 9 2 4 8 0 6 1 1

5 9 6 3 8 2 8 1 8 4 5 4 3 8 2 6 3 0 1 1 3 2 7 1 0 4 2 6 1 1 2 0 7 2 2 8

8 2 1 1 0 2 1 6 5 6 5 6 6 2 2 1 9 2 4 6 8 4 9 0 2 5 5 5 6 2 8 2 3 9 7 7

4 7 2 0 2 6 1 4 9 4 4 3 5 6 4 8 0 0 8 8 9 8 1 2 1 9 6 4 7 3 6 5 3 4 8 8

6 8 1 8 9 4 1 3 2 8 0 2 4 7 1 1 1 9 1 5 3 0 0 7 6 1 7 7 3 0 6 8 5 8 8 8

1 3 3 7 7 8 8 0 8 5 0 4 0 9 7 7 0 7 8 5 1 4 7 2 0 5 7 5 7 2 0 5 0 0 6 9

8 3 0 7 6 0 7 0 1 4 1 9 5 3 6 4 1 0 8 0 8 6 7 3 4 2 6 6 3 7 3 9 9 7 6 7

3 6 6 7 8 2 1 3 5 5 1 9 7 2 6 6 2 9 8 6 2 6 4 9 0 7 5 5 4 1 3 9 7 4 2 2

3 2 1 9 9 8 1 4 9 5 5 6 6 8 0 4 3 8 4 2 2 5 4 3 8 4 8 3 6 4 3 0 6 9 6 8

6 4 2 7 3 8 2 8 1 9 1 1 7 6 5 2 1 2 1 3 5 9 6 1 4 2 7 0 5 5 9 0 2 0 2 9

0 6 6 6 6 3 8 5 1 5 1 6 4 0 3 8 0 7 6 0 2 8 7 0 1 0 5 5 8 1 9 0 9 9 5 5

0 5 6 2 0 4 9 7 9 7 9 1 2 5 8 6 1 9 7 7 9 5 5 4 4 2 7 6 1 8 5 7 5 1 4 4

0 3 3 2 4 1 1 0 8 7 8 3 6 7 1 9 8 5 0 5 8 1 8 6 0 7 7 7 5 8 0 5 4 0 7 2

4 0 3 9 0 3 0 7 4 8 7 0 8 7 3 7 2 4 6 7 4 2 3 4 6 1 9 4 3 3 3 0 7 2 0 3

9 9 1 0 2 7 6 7 7 0 5 9 5 8 6 8 4 1 9 1 7 0 4 4 8 9 4 8 2 9 3 7 9 4 0 9

8 3 6 5 0 9 5 2 2 8 2 4 9 8 8 6 2 7 3 8 3 5 4 6 5 8 4 5 7 7 6 1 8 1 6 9

7 2 2 1 6 9 0 4 1 5 5 2 0 5 0 6 6 5 0 2 3 6 9 4 0 8 1 8 9 9 5 8 9 6 9 9

8 5 4 0 4 4 7 3 4 1 8 7 0 3 3 4 0 8 9 6 2 6 5 1 5 4 6 0 7 9 5 0 9 0 9 5

4 2 5 2 0 1 0 4 3 1 5 9 2 1 5 3 2 7 5 0 8 2 9 5 9 3 1 6 7 1 9 6 4 8 9 0

9 1 5 3 7 8 0 8 2 1 5 7 9 0 7 3 7 9 0 3 7 1 8 9 7 3 2 1 8 2 4 3 2 2 8 1

9 3 4 2 8 8 8 7 1 6 6 2 9 7 1 6 9 7 6 6 6 6 8 7 5 6 1 7 6 4 6 7 6 9 9 4

1 1 3 5 0 4 5 6 4 4 9 4 7 0 0 7 5 1 8 3 9 6 5 7 2 7 5 0 9 7 9 2 6 6 8 2

9 6 1 5 8 8 7 0 2 5 1 2 5 5 0 9 9 5 3 1 2 0 9 5 0 3 3 7 4 5 7 3 0 1 6 9

9 4 0 5 8 9 6 5 5 4 9 6 5 6 8 5 1 4 2 5 2 0 9 8 6 7 0 4 2 1 3 7 8 3 3 9

9 5 7 8 3 2 0 0 4 5 1 0 4 0 7 4 2 7 1 7 8 4 6 7 0 9 6 5 2 9 8 9 6 7 9 1
∗Random numbers were generated using the SAS statements “retain seed 1613126064;” and
“rn=floor(10*ranuni(seed));”



Appendix A:Tables 795

Table A.1 Random numbers (Section2)

7 7 2 3 5 7 9 9 3 9 1 6 5 2 9 5 7 7 6 7 8 2 4 3 5 6 1 8 6 3 8 4 7 9 3 3

4 3 2 5 2 9 9 7 0 0 6 1 5 5 7 5 0 0 7 9 8 0 9 1 1 7 9 1 3 8 4 8 1 7 9 2

3 0 7 5 0 5 5 2 5 0 7 0 2 5 8 1 5 9 5 5 4 6 5 5 5 7 5 0 4 6 6 7 8 5 5 9

4 6 6 3 5 0 4 8 7 9 0 7 2 9 9 7 2 9 2 4 8 2 5 9 4 8 0 1 2 8 3 4 6 9 9 4

6 1 7 3 0 3 4 6 8 1 0 1 3 1 8 5 7 7 9 2 3 4 2 9 0 3 8 4 0 2 7 5 7 2 1 9

5 9 3 5 8 5 2 4 3 2 0 9 8 1 4 3 9 5 8 6 2 8 2 2 7 4 6 0 4 0 7 9 1 4 4 0

0 0 1 6 4 2 3 3 9 0 0 4 1 6 0 4 5 8 6 0 0 7 7 2 6 6 2 5 6 7 3 6 8 5 8 5

1 4 9 2 7 3 0 4 2 5 5 5 7 7 4 2 7 6 4 8 4 9 7 6 8 1 9 1 9 5 3 9 7 2 3 5

6 5 0 0 8 4 1 7 0 7 1 7 0 9 6 7 7 7 6 4 6 4 3 8 0 4 9 1 2 1 4 3 5 9 8 2

2 9 1 6 9 6 1 9 9 8 6 0 2 5 5 9 6 8 9 7 7 9 6 5 7 0 4 8 3 2 1 5 2 2 0 7

3 8 0 2 0 4 6 7 6 8 2 0 1 7 2 5 4 1 8 3 8 7 8 1 8 7 5 4 9 6 8 6 6 0 5 7

6 0 1 7 8 9 2 6 8 9 4 5 6 3 7 1 1 4 7 6 3 8 5 3 9 7 2 5 3 4 3 2 1 8 0 7

0 3 4 8 4 0 0 4 6 7 7 0 3 5 2 9 9 8 0 9 1 5 6 4 8 3 6 7 6 9 6 7 9 6 6 5

0 2 1 2 2 2 2 6 9 5 5 7 7 0 5 7 8 4 2 2 7 6 8 6 6 0 2 8 2 2 5 0 2 1 1 0

6 5 7 2 6 9 6 4 5 2 3 3 8 0 3 3 3 9 5 7 6 4 2 2 5 1 0 3 6 3 6 5 0 2 9 2

4 9 6 7 5 6 4 8 5 5 2 5 6 4 1 1 2 5 3 9 8 4 0 2 3 5 1 1 0 4 1 1 6 4 5 0

8 3 7 4 4 4 6 2 8 1 9 6 5 5 8 4 3 8 0 2 9 7 6 1 1 1 9 0 3 8 6 2 4 6 7 5

4 8 8 0 7 5 7 3 9 3 4 8 3 4 9 5 6 3 0 7 0 5 2 7 0 9 6 0 7 5 1 5 0 0 9 9

7 0 4 6 5 8 6 1 5 3 1 4 9 5 5 9 8 6 5 5 9 6 6 6 4 7 5 5 2 1 9 5 4 8 0 1

1 0 2 1 7 8 9 8 8 8 0 9 8 2 7 8 8 1 6 3 6 0 0 4 4 3 9 1 8 6 9 3 9 9 5 1

6 9 3 2 5 2 0 7 8 8 9 5 5 8 6 0 5 0 5 4 5 6 9 1 4 6 1 8 5 8 1 5 9 3 4 6

2 5 2 6 1 1 4 4 1 0 8 1 7 8 6 3 1 5 2 8 1 0 0 5 0 1 0 0 7 0 2 0 5 7 5 1

2 8 0 2 7 3 1 1 7 6 0 8 0 8 0 4 4 7 2 0 2 1 5 1 1 0 8 9 0 1 3 2 5 2 3 8

4 5 3 7 0 2 0 2 9 0 1 1 6 5 7 1 4 1 6 2 0 7 0 0 6 0 4 0 5 0 0 1 3 2 0 3

3 2 7 0 9 7 3 1 7 4 3 4 1 0 9 3 6 7 3 7 7 5 6 3 0 3 6 0 6 5 2 0 3 4 1 3

7 8 6 1 4 1 8 6 1 4 0 9 2 6 3 3 7 5 5 1 8 8 5 2 0 8 7 9 1 3 8 6 1 7 1 5

1 9 4 9 1 0 6 4 3 1 1 5 9 9 3 9 6 4 0 2 2 8 9 2 0 4 6 7 7 5 0 6 1 6 5 4

8 7 5 9 8 8 5 1 6 7 1 4 6 9 9 6 6 5 3 0 3 7 5 2 3 3 4 6 6 3 1 4 5 3 9 8

3 7 0 2 2 5 0 8 3 7 5 4 1 2 3 8 4 4 0 5 6 5 9 6 2 7 5 8 3 0 9 9 7 7 1 6

0 6 0 6 2 7 8 2 2 0 1 0 4 4 9 1 4 6 2 5 6 5 7 8 4 4 4 5 0 9 0 7 4 7 1 3

5 3 6 1 2 2 3 6 6 5 5 7 6 8 9 9 3 4 7 9 5 9 7 7 1 2 0 9 6 6 2 9 3 4 3 0

4 1 3 6 1 4 3 7 0 6 8 3 2 6 3 3 4 3 2 1 5 2 4 5 3 2 0 7 5 7 9 5 1 9 0 2

7 2 2 2 0 9 8 7 5 9 7 4 0 9 1 3 4 6 4 1 1 9 3 9 1 1 6 2 1 5 3 0 4 0 0 7

6 6 1 0 1 9 1 2 4 7 1 0 9 3 9 0 4 3 8 6 5 5 4 7 4 3 0 3 5 4 6 2 7 9 7 9

6 3 1 8 3 7 0 2 7 7 6 2 4 6 8 0 1 5 1 0 2 2 1 4 2 3 1 2 6 3 9 5 0 3 0 3

7 5 1 0 8 1 6 0 0 2 4 0 0 8 9 6 5 1 2 5 3 1 4 1 5 8 6 7 8 2 6 3 2 8 8 0



796 Appendix A:Tables

Table A.1 Random numbers (Section3)

0 5 9 5 4 6 0 1 9 8 6 7 8 9 1 1 3 1 2 1 9 6 0 8 1 7 3 1 9 3 7 3 4 6 1 8

1 7 6 4 8 4 1 3 5 9 4 2 0 5 4 8 1 5 2 9 7 4 4 2 9 9 8 8 7 2 6 4 5 5 3 8

0 5 2 7 9 9 2 8 3 2 9 3 6 2 4 8 3 6 7 8 0 6 3 3 9 9 8 0 2 5 9 9 4 3 8 2

4 9 0 3 2 0 1 3 5 3 4 0 9 1 7 7 7 1 8 6 1 1 8 6 0 9 2 7 6 3 1 4 0 2 9 3

9 7 8 4 0 6 6 9 3 0 7 8 0 3 5 3 0 5 5 4 8 9 0 3 6 6 9 2 7 5 9 1 3 4 2 3

5 0 3 6 6 4 2 2 9 2 9 8 5 6 1 1 8 1 1 0 8 6 1 5 3 9 1 3 3 6 3 1 5 3 9 9

9 7 8 5 8 9 1 7 1 3 4 7 2 5 0 2 1 9 1 1 5 5 8 8 1 1 6 7 0 2 9 2 8 9 2 6

3 0 8 7 6 1 1 9 0 6 8 0 5 3 8 0 6 3 2 5 0 9 9 6 0 4 5 4 7 4 1 8 3 8 3 5

3 9 3 6 1 9 6 5 0 6 0 6 5 2 3 6 6 8 2 5 6 6 2 3 0 2 3 8 6 1 0 0 1 0 8 7

8 9 4 2 1 8 5 3 0 4 3 5 2 5 5 8 6 4 4 1 0 1 7 1 2 9 4 3 2 4 2 9 8 2 2 2

0 8 7 9 4 5 0 0 8 2 6 0 9 3 9 4 9 9 5 0 4 4 7 4 4 3 2 7 6 9 4 5 7 5 3 9

8 6 4 4 0 9 9 0 2 6 9 8 5 6 5 7 3 2 9 3 4 6 5 0 6 8 8 2 7 7 9 2 7 7 6 9

4 9 2 7 6 8 7 7 5 3 9 3 7 5 0 1 1 1 4 0 5 9 1 9 0 2 5 4 6 8 3 1 8 1 0 4

8 4 3 6 7 2 6 3 3 0 2 7 1 1 0 8 0 1 8 7 5 0 4 7 2 9 5 6 4 0 1 5 9 7 5 2

9 6 1 1 9 5 0 0 8 7 4 0 2 8 6 1 4 9 3 4 2 4 5 8 3 5 4 0 6 0 3 9 5 4 7 5

1 5 3 9 8 5 6 2 1 6 9 1 2 0 5 5 0 0 7 8 4 8 6 9 5 9 0 5 9 6 2 1 6 7 4 5

5 3 2 7 2 5 2 5 7 8 1 8 4 1 0 8 6 7 4 3 0 9 0 7 3 9 7 3 6 3 8 2 3 6 5 7

0 6 6 2 5 1 2 3 7 3 8 5 4 9 1 1 7 2 8 5 2 3 3 1 7 4 9 3 1 7 8 7 0 9 0 8

8 4 9 8 7 2 4 1 7 8 5 4 3 7 5 9 7 0 9 7 0 0 0 9 2 5 8 3 6 2 6 8 9 1 7 5

6 0 5 2 0 4 9 5 9 7 4 7 6 8 7 5 3 1 1 8 5 2 7 7 7 0 4 1 2 2 4 5 5 7 4 1

1 3 9 6 8 7 5 4 8 1 6 5 1 8 8 9 4 2 1 9 1 4 3 9 0 2 0 5 4 5 0 0 8 8 8 5

6 6 5 4 3 4 4 1 5 0 2 1 0 1 4 4 1 5 3 6 3 4 5 0 8 4 5 7 1 6 3 3 8 9 8 0

7 4 7 9 6 5 3 4 8 7 9 6 6 0 2 0 6 4 7 3 6 5 5 7 1 7 3 1 2 2 0 8 8 8 9 7

0 7 0 6 7 1 9 7 8 6 6 4 6 7 9 9 6 7 5 5 1 9 2 6 5 8 4 7 3 9 8 7 5 1 3 7

3 6 7 2 0 7 1 5 0 3 5 6 9 8 5 2 9 2 2 2 5 5 9 1 6 1 4 9 7 4 5 4 6 5 2 6

1 3 3 3 6 4 1 3 0 5 8 3 1 7 1 0 7 7 5 9 1 4 0 4 4 5 8 3 2 6 9 8 9 8 3 7

7 5 0 4 6 2 8 3 7 8 5 8 7 5 2 7 8 3 0 3 4 8 0 0 2 2 4 8 9 0 3 0 3 6 0 5

6 6 1 8 3 1 9 4 2 2 0 3 6 4 0 7 7 5 5 5 3 7 3 0 1 7 2 1 9 8 6 1 3 2 5 6

5 7 1 4 9 1 7 4 2 3 4 3 5 4 6 9 8 5 2 9 1 0 3 6 1 2 9 2 9 5 0 9 2 8 6 3

7 3 3 8 9 1 9 1 5 7 5 2 9 9 3 2 6 8 1 6 1 8 5 1 5 8 1 4 3 7 3 1 0 5 0 3

8 6 0 0 2 4 3 7 2 8 5 3 6 5 5 0 9 8 8 6 0 9 7 0 8 3 5 7 5 5 8 5 1 4 7 6

6 9 3 4 1 1 8 5 0 2 7 7 6 5 9 8 5 0 4 5 0 2 3 8 8 9 1 6 6 1 8 3 3 7 4 3

4 9 6 4 5 9 2 6 7 1 1 3 8 0 3 3 2 0 9 5 1 1 5 3 2 9 6 7 2 1 7 2 4 2 8 0

0 4 1 5 8 3 5 8 2 6 0 6 5 6 3 8 0 4 2 9 1 1 1 9 5 7 1 2 4 6 7 7 9 0 8 8

8 2 0 6 7 6 6 0 9 5 2 1 5 6 3 4 7 3 6 8 5 8 9 7 3 9 2 6 6 6 6 4 0 8 4 0

2 3 5 3 4 2 2 5 9 3 6 2 8 3 3 6 1 6 9 6 5 7 9 9 7 3 8 9 2 9 3 0 9 2 2 9



Appendix A:Tables 797

Table A.1 Random numbers (Section4)

0 1 6 1 4 2 5 5 5 2 0 3 3 3 7 4 1 1 7 9 4 8 2 6 7 1 3 9 6 6 7 0 9 9 7 4

9 7 8 8 9 4 9 1 1 3 9 3 6 1 8 0 7 9 2 0 4 5 8 5 8 3 6 9 9 7 9 9 8 9 0 8

6 7 8 4 4 1 7 5 1 0 1 0 9 7 7 0 0 3 5 0 1 5 0 9 3 0 9 1 0 6 1 2 0 5 8 8

6 2 0 0 0 1 3 5 9 5 2 3 2 7 3 0 6 4 7 5 1 3 2 3 1 8 0 0 1 5 2 7 0 3 7 9

9 4 8 2 8 5 9 7 5 4 3 5 6 9 6 8 6 6 2 7 9 1 1 7 0 3 9 2 3 2 5 7 6 4 8 4

9 2 7 9 6 4 4 4 6 5 4 2 1 8 1 6 0 4 2 3 7 9 5 5 2 0 4 1 7 6 2 3 9 5 5 4

0 5 1 4 5 4 0 8 7 5 4 3 7 3 6 4 7 7 3 2 7 1 2 7 8 7 5 5 9 8 1 5 2 1 5 4

2 9 3 2 2 4 7 6 3 3 4 4 8 3 1 2 9 5 6 7 8 0 6 2 3 5 0 0 4 4 6 9 7 4 9 8

9 2 1 1 8 0 7 4 1 7 0 7 4 2 9 7 5 8 8 7 9 9 6 1 0 7 7 1 8 4 7 9 6 0 1 6

1 9 8 7 8 8 9 9 7 1 3 6 6 5 9 3 9 2 0 2 9 7 5 0 2 9 0 3 6 5 3 4 3 0 7 4

5 6 8 8 3 3 0 5 7 5 8 3 9 8 1 3 2 7 5 5 6 7 7 1 9 4 8 8 7 5 1 2 2 5 8 3

5 3 0 0 9 5 2 4 5 0 5 0 4 1 9 6 7 6 2 7 3 6 0 6 4 2 6 7 7 9 5 8 7 1 4 7

9 1 6 2 4 5 7 8 3 9 5 9 5 3 7 0 8 5 6 1 2 0 1 7 3 2 2 9 3 0 5 8 8 6 6 9

2 9 8 1 2 2 3 0 0 8 4 2 2 1 1 8 5 2 2 9 3 5 6 1 3 6 4 1 2 1 1 2 2 9 7 9

7 3 4 3 6 6 9 7 0 6 2 0 9 4 5 8 9 8 4 7 1 4 6 8 6 9 9 7 3 4 4 3 5 2 2 9

4 5 6 6 1 4 2 6 8 9 8 6 3 2 7 9 4 1 3 0 3 1 8 6 7 2 8 7 0 8 5 0 7 8 1 7

2 5 4 9 5 3 2 8 0 9 9 6 1 8 8 7 6 9 5 2 0 1 4 2 9 2 2 8 4 0 7 8 5 9 0 8

7 2 4 6 6 5 3 7 4 5 4 5 6 8 0 8 3 0 6 5 9 5 3 3 9 0 2 8 4 7 2 3 2 2 7 5

0 9 7 2 1 2 3 0 7 2 4 1 2 3 9 9 5 9 6 8 8 5 1 4 7 5 1 6 2 7 2 4 7 6 0 4

6 7 2 8 8 1 3 2 4 6 4 2 7 5 0 1 9 1 3 7 1 5 4 5 4 4 8 1 9 5 2 7 7 8 3 4

2 8 1 9 0 0 7 6 9 3 2 2 1 7 4 3 3 6 5 4 5 6 7 7 1 1 2 3 1 3 9 3 3 4 1 1

6 1 5 0 0 9 6 8 7 3 9 6 5 7 4 8 7 6 8 1 3 6 9 5 7 3 7 3 3 1 0 8 9 5 2 3

7 2 2 9 4 0 8 6 3 9 5 1 8 7 0 9 6 8 1 7 9 2 0 0 8 0 3 4 4 2 7 0 0 2 0 4

2 6 3 3 4 6 9 2 2 2 5 4 0 7 5 8 1 0 0 8 3 6 3 8 4 2 7 7 0 1 5 5 8 0 5 4

9 7 0 2 1 2 1 8 5 8 7 3 3 3 8 0 3 9 7 1 6 6 9 9 8 7 3 6 6 4 1 4 0 8 9 5

4 7 4 2 1 2 8 2 8 4 1 0 4 0 7 0 7 9 8 3 9 1 2 0 4 2 8 7 4 9 9 4 2 0 8 4

1 8 0 8 9 8 1 2 3 8 8 0 7 5 0 6 5 9 5 5 0 7 2 2 3 4 0 5 4 5 5 5 2 6 9 5

1 8 9 1 0 4 8 0 6 5 1 2 9 7 1 5 8 9 7 9 4 6 0 9 9 7 7 3 9 7 5 9 7 0 1 3

2 8 1 0 7 9 9 4 7 9 2 9 8 1 4 2 5 2 3 8 1 8 2 9 9 6 3 8 1 5 0 5 2 6 4 2

1 0 1 4 0 5 7 4 9 9 0 3 7 8 6 1 6 2 7 1 5 0 5 2 0 7 8 8 2 5 5 9 9 2 5 5

4 8 3 5 6 2 6 9 6 1 6 4 6 6 0 2 0 8 3 0 4 0 9 5 6 4 0 8 9 9 6 8 1 4 8 9

6 1 6 6 3 1 6 1 2 3 4 0 6 8 9 9 0 6 4 3 4 9 2 9 8 6 4 9 0 8 4 8 5 2 6 6

6 9 5 0 3 3 2 9 2 6 0 8 4 7 2 8 6 3 4 0 1 9 0 3 9 6 2 3 5 4 6 0 9 1 8 3

9 2 4 2 7 9 1 8 0 6 3 7 6 2 7 6 6 9 7 4 0 0 8 2 6 2 6 0 2 4 6 6 9 4 2 5

1 5 3 0 7 6 2 9 4 6 4 7 8 9 1 4 6 2 0 3 4 5 5 6 1 6 3 0 2 9 1 1 2 4 6 5

6 0 4 4 0 9 3 3 5 3 8 4 6 7 2 0 9 4 2 4 6 7 5 8 2 0 2 3 7 1 5 1 6 7 2 3



798 Appendix A:Tables

Table A.1 Random numbers (Section5)

1 7 8 6 2 0 9 8 4 3 3 2 2 3 4 1 4 9 0 6 2 8 0 2 2 0 3 3 0 6 4 0 9 9 9 6

8 5 7 4 5 1 6 9 6 7 1 9 2 4 5 3 6 0 2 1 9 9 4 5 5 5 4 0 1 4 5 1 4 3 9 8

3 6 3 6 1 3 4 2 7 9 5 9 5 0 0 8 5 2 3 9 2 4 5 2 8 6 7 2 7 4 9 7 7 0 9 8

9 3 4 6 8 2 2 7 9 6 9 8 3 0 7 8 8 8 0 3 9 2 2 9 1 4 3 2 5 1 4 1 7 3 8 7

3 5 5 7 7 5 3 4 1 6 0 4 7 2 8 0 0 3 7 8 3 2 9 8 0 2 1 6 5 5 0 6 9 7 3 1

6 6 5 6 9 9 2 1 2 4 6 3 4 6 1 2 5 4 6 6 2 4 5 8 8 2 2 0 5 6 8 6 8 0 1 8

4 9 0 5 3 2 3 8 5 2 2 0 2 4 5 1 1 3 0 3 4 5 2 2 6 6 1 3 3 6 7 3 5 3 2 6

1 7 7 7 1 5 6 7 8 0 6 0 4 4 4 4 1 0 9 8 4 4 5 8 3 9 4 9 0 8 2 0 3 3 9 5

2 4 7 0 4 2 5 8 4 5 6 2 2 8 5 9 6 5 3 3 1 4 8 9 5 3 6 4 2 9 1 5 0 4 8 6

2 4 7 0 3 7 6 4 7 3 9 0 9 5 8 7 5 7 8 8 9 4 2 9 3 2 0 3 9 0 7 3 3 6 3 5

0 3 7 6 8 4 3 1 9 8 5 0 3 1 9 4 5 3 7 0 8 1 7 2 6 0 0 7 0 6 1 1 6 8 8 0

1 6 3 9 3 6 6 8 2 2 1 1 2 7 6 5 8 3 6 9 5 0 9 0 1 4 1 1 3 8 7 7 5 5 1 8

9 3 6 0 5 9 1 1 0 7 4 4 2 3 0 5 0 2 3 1 3 2 6 1 0 3 7 1 5 3 9 6 2 4 3 7

7 2 3 4 9 8 5 3 1 7 4 3 9 6 8 0 7 1 8 0 9 7 4 0 7 2 8 3 3 3 5 1 0 9 9 6

2 6 0 3 3 8 8 7 9 9 1 5 3 7 5 1 5 7 2 9 6 8 1 2 5 2 2 9 7 1 1 2 6 1 4 8

2 2 4 3 3 6 3 9 2 2 5 0 5 0 0 5 8 9 8 0 2 2 0 2 4 6 1 7 3 2 5 9 6 4 9 4

9 8 3 6 0 1 2 8 6 3 6 0 9 6 2 9 7 6 3 1 8 9 6 5 9 5 2 2 8 8 3 7 1 5 9 7

9 5 0 0 9 0 0 0 3 4 9 8 9 4 4 5 2 6 8 9 0 6 6 7 1 7 7 1 8 2 5 5 7 7 9 9

5 1 7 3 3 9 4 3 6 4 1 2 7 8 3 0 4 9 6 4 1 1 6 6 6 5 2 5 1 1 7 6 7 8 9 4

1 9 2 0 2 7 1 3 2 6 6 6 7 6 0 8 6 1 6 2 0 7 8 6 2 7 1 2 4 2 1 3 2 7 2 8

5 0 3 8 8 8 8 4 6 0 1 9 8 5 6 4 2 4 2 3 3 8 8 2 9 4 2 3 2 5 5 1 1 3 2 8

7 9 6 4 3 9 1 0 6 4 2 7 9 3 0 7 5 3 5 1 9 3 6 7 2 6 1 7 1 4 9 6 9 1 5 7

3 5 4 9 7 8 0 1 9 9 4 6 3 2 5 1 4 0 3 9 0 7 5 3 6 7 4 9 9 9 2 6 5 5 9 3

8 8 1 8 5 3 4 8 7 3 9 9 0 9 3 9 5 0 5 9 2 0 2 3 4 6 3 9 2 2 6 4 2 3 7 0

8 3 4 6 5 8 7 8 8 9 3 2 9 5 9 3 5 3 5 2 8 8 2 4 9 7 1 4 6 7 8 9 0 2 4 0

4 2 9 3 3 5 1 1 5 8 1 6 3 8 7 0 0 7 6 9 8 6 3 2 3 3 2 8 7 5 6 8 5 7 6 7

5 0 2 2 4 4 0 6 3 3 6 0 5 4 0 9 8 2 2 9 4 9 8 9 7 3 7 6 7 3 5 7 6 5 7 8

2 3 0 0 9 4 8 5 9 8 0 7 4 0 8 2 8 8 2 5 1 0 5 5 3 0 7 6 2 9 4 0 2 6 3 1

1 0 8 9 7 0 0 4 6 4 8 9 5 8 3 8 2 3 0 2 7 7 6 8 6 0 0 0 4 2 7 8 8 2 2 7

9 8 5 7 3 0 3 3 6 4 1 4 6 5 4 8 5 2 4 7 6 2 7 2 0 1 1 6 1 4 0 4 9 1 6 6

7 9 7 3 8 9 4 4 7 9 9 4 4 3 1 5 5 2 2 9 4 9 6 1 2 9 3 5 5 5 1 8 0 3 0 6

9 6 7 8 7 6 5 8 4 0 9 7 3 4 6 4 9 3 6 4 4 5 2 7 7 0 8 5 3 4 5 4 0 6 2 3

4 8 8 2 1 4 7 3 6 1 3 6 6 6 6 8 1 0 9 9 0 0 1 7 5 5 0 1 9 8 3 3 2 3 5 3

5 9 4 6 7 7 6 7 3 4 2 5 4 8 1 7 3 4 7 4 9 0 1 4 3 8 0 1 2 3 2 0 0 7 4 7

2 1 6 6 6 6 8 9 3 2 4 9 1 7 3 6 2 1 9 6 6 5 7 9 9 3 4 9 5 3 1 0 1 3 5 2

8 2 9 9 2 1 0 7 5 1 1 2 9 7 8 1 0 5 4 2 7 5 7 6 7 0 7 8 5 3 5 3 5 7 5 5



Appendix A:Tables 799

Table A.1 Random numbers (Section6)

7 9 7 4 6 8 4 8 4 2 5 2 0 2 3 8 5 3 1 9 2 2 7 8 9 3 7 1 1 2 1 0 2 5 0 3

8 6 9 4 0 6 1 0 6 8 3 4 2 3 4 8 0 2 3 0 2 7 3 7 2 2 2 5 0 8 0 6 9 1 3 2

0 8 4 7 0 3 4 5 6 7 5 6 7 4 2 7 6 1 6 9 3 3 8 5 7 1 3 1 0 6 7 0 4 7 9 8

9 5 3 0 1 4 5 5 8 8 9 7 0 7 6 9 7 0 2 8 6 5 1 5 9 0 2 3 9 4 0 0 8 1 4 7

0 6 8 3 3 4 3 5 5 6 4 8 8 1 4 5 4 0 7 1 3 7 7 0 4 7 4 0 9 3 8 6 6 3 5 9

2 9 1 0 1 9 6 9 5 7 9 6 6 9 2 4 4 2 0 9 9 9 1 7 3 5 4 1 9 8 8 5 4 8 6 8

8 2 9 0 4 5 7 8 4 4 2 8 5 5 3 2 4 8 4 1 3 0 9 9 1 6 0 5 4 1 5 3 1 2 1 0

3 4 7 3 5 1 0 7 8 9 1 7 0 6 7 5 3 8 5 9 1 2 8 4 9 2 5 3 2 5 2 4 0 7 0 8

9 6 1 2 8 1 6 3 9 3 3 5 8 0 8 6 3 7 0 9 7 9 1 4 3 7 0 7 5 2 1 3 2 4 9 3

2 3 7 4 0 8 6 0 2 0 5 7 7 8 4 9 9 8 5 6 9 4 6 9 8 1 2 5 6 6 7 5 4 6 1 3

9 4 9 5 6 4 6 7 9 4 0 5 3 0 3 5 9 1 3 4 5 1 2 8 0 7 4 8 0 2 9 1 9 8 9 5

6 1 1 2 6 2 5 9 0 8 2 2 8 4 4 7 1 4 2 1 0 6 5 5 7 2 7 4 2 0 9 4 7 2 3 9

3 8 2 1 1 1 8 3 8 4 1 0 2 3 5 6 7 3 2 4 0 0 1 5 2 2 6 3 6 7 7 9 4 1 9 5

0 1 7 1 3 6 1 0 0 5 4 0 7 2 8 1 4 5 6 4 0 2 5 5 8 6 9 9 3 2 7 1 6 8 2 9

8 3 2 5 7 2 0 0 1 1 6 4 3 6 2 5 8 5 8 7 7 8 1 2 9 5 8 9 9 8 3 0 0 6 8 4

5 5 9 8 2 0 1 0 6 0 1 6 9 5 4 6 1 9 3 8 4 3 8 0 5 3 9 2 6 8 3 0 9 3 0 4

5 6 7 1 2 5 2 6 5 8 4 6 2 5 6 5 3 3 5 4 3 0 8 2 3 4 1 6 5 5 4 2 3 4 9 5

1 3 5 1 1 7 2 4 7 9 2 4 0 1 7 3 0 9 3 9 2 0 5 4 7 2 4 3 1 9 9 3 8 5 7 7

4 9 1 9 7 6 4 4 6 9 3 9 6 0 2 9 5 8 4 4 6 7 8 1 6 8 4 0 6 7 2 2 3 5 6 6

0 3 1 0 3 0 6 9 0 1 7 9 8 9 3 1 1 2 5 0 0 0 7 7 6 4 0 8 0 0 6 8 3 9 4 8

8 2 1 5 2 9 2 0 4 1 3 7 9 1 0 3 1 0 7 5 6 7 1 1 1 1 4 9 4 9 5 7 9 2 0 4

8 8 9 1 6 0 2 9 4 9 3 6 0 2 4 1 6 9 6 8 3 5 4 6 5 1 8 5 0 9 5 6 9 6 7 9

0 8 9 5 6 9 6 6 5 2 3 9 3 4 9 0 6 9 1 5 8 4 3 7 0 9 3 8 3 9 6 5 9 9 4 0

7 1 3 8 7 3 7 0 7 8 4 0 0 8 6 5 9 8 6 1 2 3 0 5 4 4 6 3 6 9 2 1 0 6 7 9

4 3 6 4 6 0 5 0 8 4 0 6 9 6 7 4 8 7 7 8 1 6 1 8 2 2 6 7 1 0 5 4 7 3 8 6

6 1 3 6 7 4 1 7 3 1 6 0 8 9 8 7 2 7 6 8 7 2 7 9 6 3 8 6 4 7 5 3 6 7 5 6

3 6 6 6 9 9 3 3 8 5 7 7 8 4 3 3 7 3 1 5 1 7 1 7 4 3 0 8 2 9 9 4 4 2 6 6

8 2 8 0 1 0 8 2 5 5 4 6 2 0 2 5 1 0 6 9 5 6 7 1 5 0 5 8 0 0 6 8 0 6 8 2

3 4 0 7 5 5 2 8 0 4 5 2 6 3 0 1 0 1 4 2 8 6 6 5 6 9 5 4 2 1 2 8 0 0 0 9

3 5 8 7 6 7 3 6 5 6 1 1 8 4 5 0 9 8 1 9 5 8 3 0 4 7 1 5 3 3 3 4 4 4 0 2

4 9 5 0 5 4 1 4 2 7 2 3 1 4 1 5 7 7 5 6 6 0 5 3 2 3 1 3 2 5 0 4 4 9 3 4

4 9 5 1 6 5 6 4 1 4 5 4 1 6 9 4 4 6 4 9 8 3 7 9 9 4 7 8 6 1 6 8 0 6 1 7

3 2 6 0 7 5 0 8 5 2 1 1 9 6 2 9 0 7 5 1 5 0 4 8 0 7 4 5 0 5 2 5 6 2 3 6

8 9 7 7 3 4 3 3 4 9 6 7 2 6 9 0 5 6 2 9 7 3 3 6 5 7 0 5 4 3 8 3 5 9 2 2

0 3 9 7 4 4 1 1 5 2 6 0 3 0 1 4 0 7 7 9 5 8 8 7 7 3 1 0 8 9 4 8 8 9 1 9

2 7 9 0 5 5 7 2 8 9 5 2 7 1 7 4 3 5 6 0 0 3 7 2 5 6 1 0 7 6 4 8 1 9 4 8
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Table A.2 Coefficients ci for orthogonal polynomial trend contrasts

v = 3

Trend c1 c2 c3
Linear −1 0 1

Quadratic 1 −2 1

v = 4

Trend c1 c2 c3 c4
Linear −3 −1 1 3

Quadratic 1 −1 −1 1

Cubic −1 3 −3 1

v = 5

Trend c1 c2 c3 c4 c5
Linear −2 −1 0 1 2

Quadratic 2 −1 −2 −1 2

Cubic −1 2 0 −2 1

Quartic 1 −4 6 −4 1

v = 6

Trend c1 c2 c3 c4 c5 c6
Linear −5 −3 −1 1 3 5

Quadratic 5 −1 −4 −4 −1 5

Cubic −5 7 4 −4 −7 5

Quartic 1 −3 2 2 −3 1

Quintic −1 5 −10 10 −5 1

v = 7

Trend c1 c2 c3 c4 c5 c6 c7
Linear −3 −2 −1 0 1 2 3

Quadratic 5 0 −3 −4 −3 0 5

Cubic −1 1 1 0 −1 −1 1

Quartic 3 −7 1 6 1 −7 3

Quintic −1 4 −5 0 5 −4 1

Sextic 1 −6 15 −20 15 −6 1
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Table A.3 Standard normal distribution:∗ upper α critical coefficients, zα , and upper-tail probabilities, α =
P(Z > zα)

α 0.10 0.05 0.025 0.01 0.005 0.0025 0.001 0.0005 0.00025 0.0001

zα 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291 3.481 3.719

zα 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641

0.1 0.4602 0.4562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247

0.2 0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897 0.3859

0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483

0.4 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121

0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776

0.6 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451

0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148

0.8 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867

0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611

1.0 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379

1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170

1.2 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985

1.3 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823

1.4 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681

1.5 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559

1.6 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455

1.7 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367

1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294

1.9 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233

2.0 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183

2.1 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143

2.2 0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110

2.3 0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084

2.4 0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064

2.5 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048

2.6 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036

2.7 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026

2.8 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019

2.9 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014

3.0 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.0010 0.0010

3.1 0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007

3.2 0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005
∗Values were generated using the SAS statements “z_alpha = probit(1-alpha);” and “alpha = 1 - probnorm(z_alpha);”
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Table A.4 Student’s t-distribution:∗ upper α critical coefficients, tdf,α , where α = P(tdf > tdf,α)

df α

0.10 0.05 0.025 0.01 0.005 0.0025 0.001 0.0005 0.0001

1 3.078 6.314 12.71 31.82 63.66 127.3 318.3 636.6 3183

2 1.886 2.920 4.303 6.965 9.925 14.09 22.33 31.60 70.70

3 1.638 2.353 3.182 4.541 5.841 7.453 10.21 12.92 22.20

4 1.533 2.132 2.776 3.747 4.604 5.598 7.173 8.610 13.03

5 1.476 2.015 2.571 3.365 4.032 4.773 5.893 6.869 9.678

6 1.440 1.943 2.447 3.143 3.707 4.317 5.208 5.959 8.025

7 1.415 1.895 2.365 2.998 3.499 4.029 4.785 5.408 7.063

8 1.397 1.860 2.306 2.896 3.355 3.833 4.501 5.041 6.442

9 1.383 1.833 2.262 2.821 3.250 3.690 4.297 4.781 6.010

10 1.372 1.812 2.228 2.764 3.169 3.581 4.144 4.587 5.694

11 1.363 1.796 2.201 2.718 3.106 3.497 4.025 4.437 5.453

12 1.356 1.782 2.179 2.681 3.055 3.428 3.930 4.318 5.263

13 1.350 1.771 2.160 2.650 3.012 3.372 3.852 4.221 5.111

14 1.345 1.761 2.145 2.624 2.977 3.326 3.787 4.140 4.985

15 1.341 1.753 2.131 2.602 2.947 3.286 3.733 4.073 4.880

16 1.337 1.746 2.120 2.583 2.921 3.252 3.686 4.015 4.791

17 1.333 1.740 2.110 2.567 2.898 3.222 3.646 3.965 4.714

18 1.330 1.734 2.101 2.552 2.878 3.197 3.610 3.922 4.648

19 1.328 1.729 2.093 2.539 2.861 3.174 3.579 3.883 4.590

20 1.325 1.725 2.086 2.528 2.845 3.153 3.552 3.850 4.539

21 1.323 1.721 2.080 2.518 2.831 3.135 3.527 3.819 4.493

22 1.321 1.717 2.074 2.508 2.819 3.119 3.505 3.792 4.452

23 1.319 1.714 2.069 2.500 2.807 3.104 3.485 3.768 4.415

24 1.318 1.711 2.064 2.492 2.797 3.091 3.467 3.745 4.382

25 1.316 1.708 2.060 2.485 2.787 3.078 3.450 3.725 4.352

26 1.315 1.706 2.056 2.479 2.779 3.067 3.435 3.707 4.324

27 1.314 1.703 2.052 2.473 2.771 3.057 3.421 3.690 4.299

28 1.313 1.701 2.048 2.467 2.763 3.047 3.408 3.674 4.275

29 1.311 1.699 2.045 2.462 2.756 3.038 3.396 3.659 4.254

30 1.310 1.697 2.042 2.457 2.750 3.030 3.385 3.646 4.234

35 1.306 1.690 2.030 2.438 2.724 2.996 3.340 3.591 4.153

40 1.303 1.684 2.021 2.423 2.704 2.971 3.307 3.551 4.094

45 1.301 1.679 2.014 2.412 2.690 2.952 3.281 3.520 4.049

50 1.299 1.676 2.009 2.403 2.678 2.937 3.261 3.496 4.014

55 1.297 1.673 2.004 2.396 2.668 2.925 3.245 3.476 3.986

60 1.296 1.671 2.000 2.390 2.660 2.915 3.232 3.460 3.962

70 1.294 1.667 1.994 2.381 2.648 2.899 3.211 3.435 3.926

80 1.292 1.664 1.990 2.374 2.639 2.887 3.195 3.416 3.899

90 1.291 1.662 1.987 2.368 2.632 2.878 3.183 3.402 3.878

100 1.290 1.660 1.984 2.364 2.626 2.871 3.174 3.390 3.862

110 1.289 1.659 1.982 2.361 2.621 2.865 3.166 3.381 3.848

120 1.289 1.658 1.980 2.358 2.617 2.860 3.160 3.373 3.837

∞ 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291 3.719
∗Values tdf,α were generated using the SAS statements “t = tinv(1-alpha,df);” for df < ∞ and “t = probit(1-alpha)” for
df = ∞
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Table A.5 Chi-squared distribution:∗ upper α critical coefficients, χ2
df,α , where α = P(χ2

df > χ2
df,α)

df α

0.999 0.99 0.975 0.95 0.90 0.10 0.05 0.025 0.01 0.001

1 0.000 0.000 0.001 0.004 0.016 2.706 3.841 5.024 6.635 10.83

2 0.002 0.020 0.051 0.103 0.211 4.605 5.991 7.378 9.210 13.82

3 0.024 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.34 16.27

4 0.091 0.297 0.484 0.711 1.064 7.779 9.488 11.14 13.28 18.47

5 0.210 0.554 0.831 1.145 1.610 9.236 11.07 12.83 15.09 20.52

6 0.381 0.872 1.237 1.635 2.204 10.64 12.59 14.45 16.81 22.46

7 0.598 1.239 1.690 2.167 2.833 12.02 14.07 16.01 18.48 24.32

8 0.857 1.646 2.180 2.733 3.490 13.36 15.51 17.53 20.09 26.12

9 1.152 2.088 2.700 3.325 4.168 14.68 16.92 19.02 21.67 27.88

10 1.479 2.558 3.247 3.940 4.865 15.99 18.31 20.48 23.21 29.59

11 1.834 3.053 3.816 4.575 5.578 17.28 19.68 21.92 24.72 31.26

12 2.214 3.571 4.404 5.226 6.304 18.55 21.03 23.34 26.22 32.91

13 2.617 4.107 5.009 5.892 7.042 19.81 22.36 24.74 27.69 34.53

14 3.041 4.660 5.629 6.571 7.790 21.06 23.68 26.12 29.14 36.12

15 3.483 5.229 6.262 7.261 8.547 22.31 25.00 27.49 30.58 37.70

16 3.942 5.812 6.908 7.962 9.312 23.54 26.30 28.85 32.00 39.25

17 4.416 6.408 7.564 8.672 10.09 24.77 27.59 30.19 33.41 40.79

18 4.905 7.015 8.231 9.390 10.86 25.99 28.87 31.53 34.81 42.31

19 5.407 7.633 8.907 10.12 11.65 27.20 30.14 32.85 36.19 43.82

20 5.921 8.260 9.591 10.85 12.44 28.41 31.41 34.17 37.57 45.31

21 6.447 8.897 10.28 11.59 13.24 29.62 32.67 35.48 38.93 46.80

22 6.983 9.542 10.98 12.34 14.04 30.81 33.92 36.78 40.29 48.27

23 7.529 10.20 11.69 13.09 14.85 32.01 35.17 38.08 41.64 49.73

24 8.085 10.86 12.40 13.85 15.66 33.20 36.42 39.36 42.98 51.18

25 8.649 11.52 13.12 14.61 16.47 34.38 37.65 40.65 44.31 52.62

26 9.222 12.20 13.84 15.38 17.29 35.56 38.89 41.92 45.64 54.05

27 9.803 12.88 14.57 16.15 18.11 36.74 40.11 43.19 46.96 55.48

28 10.39 13.56 15.31 16.93 18.94 37.92 41.34 44.46 48.28 56.89

29 10.99 14.26 16.05 17.71 19.77 39.09 42.56 45.72 49.59 58.30

30 11.59 14.95 16.79 18.49 20.60 40.26 43.77 46.98 50.89 59.70

35 14.69 18.51 20.57 22.47 24.80 46.06 49.80 53.20 57.34 66.62

40 17.92 22.16 24.43 26.51 29.05 51.81 55.76 59.34 63.69 73.40

45 21.25 25.90 28.37 30.61 33.35 57.51 61.66 65.41 69.96 80.08

50 24.67 29.71 32.36 34.76 37.69 63.17 67.50 71.42 76.15 86.66

55 28.17 33.57 36.40 38.96 42.06 68.80 73.31 77.38 82.29 93.17

60 31.74 37.48 40.48 43.19 46.46 74.40 79.08 83.30 88.38 99.61

70 39.04 45.44 48.76 51.74 55.33 85.53 90.53 95.02 100.4 112.3

80 46.52 53.54 57.15 60.39 64.28 96.58 101.9 106.6 112.3 124.8

90 54.16 61.75 65.65 69.13 73.29 107.6 113.1 118.1 124.1 137.2

100 61.92 70.06 74.22 77.93 82.36 118.5 124.3 129.6 135.8 149.4

120 77.76 86.92 91.57 95.70 100.6 140.2 146.6 152.2 159.0 173.6
∗Values were generated using the SAS statement “chi2=cinv(1-alpha,df);”
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Table A.6 F-distribution:∗ upper α critical coefficients, Fν1,ν2,α , where α = P(Fν1,ν2 > Fν1,ν2,α)

ν2 α ν1

1 2 3 4 5 6 7 8 9

1 0.100 39.9 49.5 53.6 55.8 57.2 58.2 58.9 59.4 59.9

0.050 161 200 216 225 230 234 237 239 241

0.010 4052 5000 5403 5625 5764 5859 5928 5981 6022

2 0.100 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38

0.050 18.5 19.0 19.2 19.3 19.3 19.3 19.4 19.4 19.4

0.010 98.5 99.0 99.2 99.3 99.3 99.3 99.4 99.4 99.4

0.001 999 999 999 999 999 999 999 999 999

3 0.100 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24

0.050 10.1 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81

0.010 34.1 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.4

0.001 167 149 141 137 135 133 132 131 130

4 0.100 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94

0.050 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00

0.010 21.2 18.0 16.7 16.0 15.5 15.2 15.0 14.8 14.7

0.001 74.1 61.3 56.2 53.4 51.7 50.5 49.7 49.0 48.5

5 0.100 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32

0.050 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77

0.010 16.3 13.3 12.1 11.4 11.0 10.7 10.5 10.3 10.2

0.001 47.2 37.1 33.2 31.1 29.8 28.8 28.2 27.7 27.2

6 0.100 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96

0.050 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10

0.010 13.8 10.9 9.78 9.15 8.75 8.47 8.26 8.10 7.98

0.001 35.5 27.0 23.7 21.9 20.8 20.0 19.5 19.0 18.7

7 0.100 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72

0.050 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68

0.010 12.3 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72

0.001 29.3 21.7 18.8 17.2 16.2 15.5 15.0 14.6 14.3

8 0.100 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56

0.050 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39

0.010 11.3 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91

0.001 25.4 18.5 15.8 14.4 13.5 12.9 12.4 12.1 11.8

9 0.100 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44

0.050 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18

0.010 10.6 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35

0.001 22.9 16.4 13.9 12.6 11.7 11.1 10.7 10.4 10.1

10 0.100 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35

0.050 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02

0.010 10.0 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94

0.001 21.0 14.9 12.6 11.3 10.5 9.93 9.52 9.20 8.96

(continued)
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Table A.6 (F-distribution, continued)

ν2 α ν1

1 2 3 4 5 6 7 8 9

11 0.100 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 2.27

0.050 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90

0.010 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63

0.001 19.7 13.8 11.6 10.4 9.58 9.05 8.66 8.35 8.12

12 0.100 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21

0.050 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80

0.010 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39

0.001 18.6 13.0 10.8 9.63 8.89 8.38 8.00 7.71 7.48

13 0.100 3.14 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16

0.050 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71

0.010 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19

0.001 17.8 12.3 10.2 9.07 8.35 7.86 7.49 7.21 6.98

14 0.100 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.12

0.050 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65

0.010 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03

0.001 17.1 11.8 9.73 8.62 7.92 7.44 7.08 6.80 6.58

15 0.100 3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09

0.050 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59

0.010 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89

0.001 16.6 11.3 9.34 8.25 7.57 7.09 6.74 6.47 6.26

16 0.100 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.06

0.050 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54

0.010 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78

0.001 16.1 11.0 9.01 7.94 7.27 6.80 6.46 6.19 5.98

17 0.100 3.03 2.64 2.44 2.31 2.22 2.15 2.10 2.06 2.03

0.050 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49

0.010 8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68

0.001 15.7 10.7 8.73 7.68 7.02 6.56 6.22 5.96 5.75

18 0.100 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00

0.050 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46

0.010 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60

0.001 15.4 10.4 8.49 7.46 6.81 6.35 6.02 5.76 5.56

19 0.100 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98

0.050 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42

0.010 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52

0.001 15.1 10.2 8.28 7.27 6.62 6.18 5.85 5.59 5.39

20 0.100 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96

0.050 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39

0.010 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46

0.001 14.8 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24

(continued)
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Table A.6 (F-distribution, continued)

ν2 α ν1

1 2 3 4 5 6 7 8 9

22 0.100 2.95 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93

0.050 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34

0.010 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35

0.001 14.4 9.61 7.80 6.81 6.19 5.76 5.44 5.19 4.99

25 0.100 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89

0.050 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28

0.010 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 3.22

0.001 13.9 9.22 7.45 6.49 5.89 5.46 5.15 4.91 4.71

30 0.100 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85

0.050 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21

0.010 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07

0.001 13.3 8.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39

35 0.100 2.85 2.46 2.25 2.11 2.02 1.95 1.90 1.85 1.82

0.050 4.12 3.27 2.87 2.64 2.49 2.37 2.29 2.22 2.16

0.010 7.42 5.27 4.40 3.91 3.59 3.37 3.20 3.07 2.96

0.001 12.9 8.47 6.79 5.88 5.30 4.89 4.59 4.36 4.18

40 0.100 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79

0.050 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12

0.010 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89

0.001 12.6 8.25 6.59 5.70 5.13 4.73 4.44 4.21 4.02

60 0.100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74

0.050 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04

0.010 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72

0.001 12.0 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69

80 0.100 2.77 2.37 2.15 2.02 1.92 1.85 1.79 1.75 1.71

0.050 3.96 3.11 2.72 2.49 2.33 2.21 2.13 2.06 2.00

0.010 6.96 4.88 4.04 3.56 3.26 3.04 2.87 2.74 2.64

0.001 11.7 7.54 5.97 5.12 4.58 4.20 3.92 3.70 3.53

100 0.100 2.76 2.36 2.14 2.00 1.91 1.83 1.78 1.73 1.69

0.050 3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 1.97

0.010 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.59

0.001 11.5 7.41 5.86 5.02 4.48 4.11 3.83 3.61 3.44

120 0.100 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68

0.050 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96

0.010 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56

0.001 11.4 7.32 5.78 4.95 4.42 4.04 3.77 3.55 3.38

1000 0.100 2.71 2.31 2.09 1.95 1.85 1.78 1.72 1.68 1.64

0.050 3.85 3.00 2.61 2.38 2.22 2.11 2.02 1.95 1.89

0.010 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 2.43

0.001 10.9 6.96 5.46 4.65 4.14 3.78 3.51 3.30 3.13

(continued)
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Table A.6 (F-distribution, continued)

ν2 α ν1

10 12 15 20 25 30 40 60 120 1000

1 0.100 60.2 60.7 61.2 61.7 62.1 62.3 62.5 62.8 63.1 63.3

0.050 242 244 246 248 249 250 251 252 253 254

0.010 6056 6106 6157 6209 6240 6261 6287 6313 6339 6363

2 0.100 9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.48 9.49

0.050 19.4 19.4 19.4 19.5 19.5 19.5 19.5 19.5 19.5 19.5

0.010 99.4 99.4 99.4 99.5 99.5 99.5 99.5 99.5 99.5 99.5

0.001 999 999 999 999 999 999 999 999 999 1000

3 0.100 5.23 5.22 5.20 5.18 5.17 5.17 5.16 5.15 5.14 5.13

0.050 8.79 8.74 8.70 8.66 8.63 8.62 8.59 8.57 8.55 8.53

0.010 27.2 27.1 26.9 26.7 26.6 26.5 26.4 26.3 26.2 26.1

0.001 129 128 127 126 126 125 125 124 124 124

4 0.100 3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.79 3.78 3.76

0.050 5.96 5.91 5.86 5.80 5.77 5.75 5.72 5.69 5.66 5.63

0.010 14.6 14.4 14.2 14.0 13.9 13.8 13.8 13.7 13.6 13.5

0.001 48.1 47.4 46.8 46.1 45.7 45.4 45.1 44.8 44.4 44.1

5 0.100 3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.14 3.12 3.11

0.050 4.74 4.68 4.62 4.56 4.52 4.50 4.46 4.43 4.40 4.37

0.010 10.1 9.89 9.72 9.55 9.45 9.38 9.29 9.20 9.11 9.03

0.001 26.9 26.4 25.9 25.4 25.1 24.9 24.6 24.3 24.1 23.8

6 0.100 2.94 2.90 2.87 2.84 2.81 2.80 2.78 2.76 2.74 2.72

0.050 4.06 4.00 3.94 3.87 3.83 3.81 3.77 3.74 3.70 3.67

0.010 7.87 7.72 7.56 7.40 7.30 7.23 7.14 7.06 6.97 6.89

0.001 18.4 18.0 17.6 17.1 16.9 16.7 16.4 16.2 16.0 15.8

7 0.100 2.70 2.67 2.63 2.59 2.57 2.56 2.54 2.51 2.49 2.47

0.050 3.64 3.57 3.51 3.44 3.40 3.38 3.34 3.30 3.27 3.23

0.010 6.62 6.47 6.31 6.16 6.06 5.99 5.91 5.82 5.74 5.66

0.001 14.1 13.7 13.3 12.9 12.7 12.5 12.3 12.1 11.9 11.7

8 0.100 2.54 2.50 2.46 2.42 2.40 2.38 2.36 2.34 2.32 2.30

0.050 3.35 3.28 3.22 3.15 3.11 3.08 3.04 3.01 2.97 2.93

0.010 5.81 5.67 5.52 5.36 5.26 5.20 5.12 5.03 4.95 4.87

0.001 11.5 11.2 10.8 10.5 10.3 10.1 9.92 9.73 9.53 9.36

9 0.100 2.42 2.38 2.34 2.30 2.27 2.25 2.23 2.21 2.18 2.16

0.050 3.14 3.07 3.01 2.94 2.89 2.86 2.83 2.79 2.75 2.71

0.010 5.26 5.11 4.96 4.81 4.71 4.65 4.57 4.48 4.40 4.32

0.001 9.89 9.57 9.24 8.90 8.69 8.55 8.37 8.19 8.00 7.84

10 0.100 2.32 2.28 2.24 2.20 2.17 2.16 2.13 2.11 2.08 2.06

0.050 2.98 2.91 2.85 2.77 2.73 2.70 2.66 2.62 2.58 2.54

0.010 4.85 4.71 4.56 4.41 4.31 4.25 4.17 4.08 4.00 3.92

0.001 8.75 8.45 8.13 7.80 7.60 7.47 7.30 7.12 6.94 6.78

(continued)
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Table A.6 (F-distribution, continued)

ν2 α ν1

10 12 15 20 25 30 40 60 120 1000

11 0.100 2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.03 2.00 1.98

0.050 2.85 2.79 2.72 2.65 2.60 2.57 2.53 2.49 2.45 2.41

0.010 4.54 4.40 4.25 4.10 4.01 3.94 3.86 3.78 3.69 3.61

0.001 7.92 7.63 7.32 7.01 6.81 6.68 6.52 6.35 6.18 6.02

12 0.100 2.19 2.15 2.10 2.06 2.03 2.01 1.99 1.96 1.93 1.91

0.050 2.75 2.69 2.62 2.54 2.50 2.47 2.43 2.38 2.34 2.30

0.010 4.30 4.16 4.01 3.86 3.76 3.70 3.62 3.54 3.45 3.37

0.001 7.29 7.00 6.71 6.40 6.22 6.09 5.93 5.76 5.59 5.44

13 0.100 2.14 2.10 2.05 2.01 1.98 1.96 1.93 1.90 1.88 1.85

0.050 2.67 2.60 2.53 2.46 2.41 2.38 2.34 2.30 2.25 2.21

0.010 4.10 3.96 3.82 3.66 3.57 3.51 3.43 3.34 3.25 3.18

0.001 6.80 6.52 6.23 5.93 5.75 5.63 5.47 5.30 5.14 4.99

14 0.100 2.10 2.05 2.01 1.96 1.93 1.91 1.89 1.86 1.83 1.80

0.050 2.60 2.53 2.46 2.39 2.34 2.31 2.27 2.22 2.18 2.14

0.010 3.94 3.80 3.66 3.51 3.41 3.35 3.27 3.18 3.09 3.02

0.001 6.40 6.13 5.85 5.56 5.38 5.25 5.10 4.94 4.77 4.62

15 0.100 2.06 2.02 1.97 1.92 1.89 1.87 1.85 1.82 1.79 1.76

0.050 2.54 2.48 2.40 2.33 2.28 2.25 2.20 2.16 2.11 2.07

0.010 3.80 3.67 3.52 3.37 3.28 3.21 3.13 3.05 2.96 2.88

0.001 6.08 5.81 5.54 5.25 5.07 4.95 4.80 4.64 4.47 4.33

16 0.100 2.03 1.99 1.94 1.89 1.86 1.84 1.81 1.78 1.75 1.72

0.050 2.49 2.42 2.35 2.28 2.23 2.19 2.15 2.11 2.06 2.02

0.010 3.69 3.55 3.41 3.26 3.16 3.10 3.02 2.93 2.84 2.76

0.001 5.81 5.55 5.27 4.99 4.82 4.70 4.54 4.39 4.23 4.08

17 0.100 2.00 1.96 1.91 1.86 1.83 1.81 1.78 1.75 1.72 1.69

0.050 2.45 2.38 2.31 2.23 2.18 2.15 2.10 2.06 2.01 1.97

0.010 3.59 3.46 3.31 3.16 3.07 3.00 2.92 2.83 2.75 2.66

0.001 5.58 5.32 5.05 4.78 4.60 4.48 4.33 4.18 4.02 3.87

18 0.100 1.98 1.93 1.89 1.84 1.80 1.78 1.75 1.72 1.69 1.66

0.050 2.41 2.34 2.27 2.19 2.14 2.11 2.06 2.02 1.97 1.92

0.010 3.51 3.37 3.23 3.08 2.98 2.92 2.84 2.75 2.66 2.58

0.001 5.39 5.13 4.87 4.59 4.42 4.30 4.15 4.00 3.84 3.69

19 0.100 1.96 1.91 1.86 1.81 1.78 1.76 1.73 1.70 1.67 1.64

0.050 2.38 2.31 2.23 2.16 2.11 2.07 2.03 1.98 1.93 1.88

0.010 3.43 3.30 3.15 3.00 2.91 2.84 2.76 2.67 2.58 2.50

0.001 5.22 4.97 4.70 4.43 4.26 4.14 3.99 3.84 3.68 3.53

20 0.100 1.94 1.89 1.84 1.79 1.76 1.74 1.71 1.68 1.64 1.61

0.050 2.35 2.28 2.20 2.12 2.07 2.04 1.99 1.95 1.90 1.85

0.010 3.37 3.23 3.09 2.94 2.84 2.78 2.69 2.61 2.52 2.43

0.001 5.08 4.82 4.56 4.29 4.12 4.00 3.86 3.70 3.54 3.40

(continued)
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Table A.6 (F-distribution, continued)

ν2 α ν1

10 12 15 20 25 30 40 60 120 1000

22 0.100 1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.64 1.60 1.57

0.050 2.30 2.23 2.15 2.07 2.02 1.98 1.94 1.89 1.84 1.79

0.010 3.26 3.12 2.98 2.83 2.73 2.67 2.58 2.50 2.40 2.32

0.001 4.83 4.58 4.33 4.06 3.89 3.78 3.63 3.48 3.32 3.17

25 0.100 1.87 1.82 1.77 1.72 1.68 1.66 1.63 1.59 1.56 1.52

0.050 2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.82 1.77 1.72

0.010 3.13 2.99 2.85 2.70 2.60 2.54 2.45 2.36 2.27 2.18

0.001 4.56 4.31 4.06 3.79 3.63 3.52 3.37 3.22 3.06 2.91

30 0.100 1.82 1.77 1.72 1.67 1.63 1.61 1.57 1.54 1.50 1.46

0.050 2.16 2.09 2.01 1.93 1.88 1.84 1.79 1.74 1.68 1.63

0.010 2.98 2.84 2.70 2.55 2.45 2.39 2.30 2.21 2.11 2.02

0.001 4.24 4.00 3.75 3.49 3.33 3.22 3.07 2.92 2.76 2.61

35 0.100 1.79 1.74 1.69 1.63 1.60 1.57 1.53 1.50 1.46 1.42

0.050 2.11 2.04 1.96 1.88 1.82 1.79 1.74 1.68 1.62 1.57

0.010 2.88 2.74 2.60 2.44 2.35 2.28 2.19 2.10 2.00 1.90

0.001 4.03 3.79 3.55 3.29 3.13 3.02 2.87 2.72 2.56 2.40

40 0.100 1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.47 1.42 1.38

0.050 2.08 2.00 1.92 1.84 1.78 1.74 1.69 1.64 1.58 1.52

0.010 2.80 2.66 2.52 2.37 2.27 2.20 2.11 2.02 1.92 1.82

0.001 3.87 3.64 3.40 3.14 2.98 2.87 2.73 2.57 2.41 2.25

60 0.100 1.71 1.66 1.60 1.54 1.50 1.48 1.44 1.40 1.35 1.30

0.050 1.99 1.92 1.84 1.75 1.69 1.65 1.59 1.53 1.47 1.40

0.010 2.63 2.50 2.35 2.20 2.10 2.03 1.94 1.84 1.73 1.62

0.001 3.54 3.32 3.08 2.83 2.67 2.55 2.41 2.25 2.08 1.92

80 0.100 1.68 1.63 1.57 1.51 1.47 1.44 1.40 1.36 1.31 1.25

0.050 1.95 1.88 1.79 1.70 1.64 1.60 1.54 1.48 1.41 1.34

0.010 2.55 2.42 2.27 2.12 2.01 1.94 1.85 1.75 1.63 1.51

0.001 3.39 3.16 2.93 2.68 2.52 2.41 2.26 2.10 1.92 1.75

100 0.100 1.66 1.61 1.56 1.49 1.45 1.42 1.38 1.34 1.28 1.22

0.050 1.93 1.85 1.77 1.68 1.62 1.57 1.52 1.45 1.38 1.30

0.010 2.50 2.37 2.22 2.07 1.97 1.89 1.80 1.69 1.57 1.45

0.001 3.30 3.07 2.84 2.59 2.43 2.32 2.17 2.01 1.83 1.64

120 0.100 1.65 1.60 1.55 1.48 1.44 1.41 1.37 1.32 1.26 1.20

0.050 1.91 1.83 1.75 1.66 1.60 1.55 1.50 1.43 1.35 1.27

0.010 2.47 2.34 2.19 2.03 1.93 1.86 1.76 1.66 1.53 1.40

0.001 3.24 3.02 2.78 2.53 2.37 2.26 2.11 1.95 1.77 1.57

1000 0.100 1.61 1.55 1.49 1.43 1.38 1.35 1.30 1.25 1.18 1.08

0.050 1.84 1.76 1.68 1.58 1.52 1.47 1.41 1.33 1.24 1.11

0.010 2.34 2.20 2.06 1.90 1.79 1.72 1.61 1.50 1.35 1.16

0.001 2.99 2.77 2.54 2.30 2.14 2.02 1.87 1.69 1.49 1.22
∗Values Fν1,ν2,α were generated using the SAS statement “f= round(finv(1-alpha,df1,df2),0.01);”
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Table A.7 Power of the F-test: π(φ) = P(Fν1,ν2,φ > Fν1,ν2,α)

ν1 = 1, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.211 0.301 0.405 0.515 0.623 0.721 0.805 0.870 0.919 0.952 0.973

6 0.223 0.320 0.430 0.546 0.657 0.755 0.836 0.897 0.939 0.966 0.982

7 0.232 0.333 0.449 0.568 0.681 0.779 0.856 0.913 0.951 0.974 0.987

8 0.239 0.344 0.463 0.585 0.698 0.795 0.871 0.924 0.959 0.979 0.990

9 0.245 0.352 0.474 0.598 0.712 0.808 0.881 0.932 0.964 0.982 0.992

10 0.249 0.359 0.483 0.608 0.722 0.817 0.889 0.938 0.968 0.985 0.993

12 0.256 0.370 0.496 0.623 0.738 0.831 0.900 0.946 0.973 0.988 0.995

15 0.263 0.380 0.510 0.639 0.753 0.844 0.910 0.953 0.977 0.990 0.996

20 0.270 0.391 0.524 0.654 0.767 0.857 0.919 0.959 0.981 0.992 0.997

30 0.278 0.402 0.537 0.668 0.781 0.868 0.928 0.964 0.984 0.994 0.998

60 0.285 0.413 0.551 0.683 0.795 0.879 0.936 0.969 0.987 0.995 0.998

120 0.289 0.418 0.557 0.690 0.801 0.884 0.939 0.971 0.988 0.995 0.998

1000 0.293 0.423 0.563 0.696 0.807 0.889 0.942 0.973 0.989 0.996 0.999

ν1 = 2, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.196 0.283 0.386 0.499 0.611 0.714 0.802 0.870 0.920 0.954 0.975

6 0.211 0.307 0.421 0.543 0.660 0.764 0.847 0.907 0.948 0.973 0.987

7 0.223 0.327 0.449 0.576 0.696 0.798 0.876 0.930 0.963 0.983 0.992

8 0.233 0.343 0.470 0.602 0.723 0.822 0.896 0.944 0.973 0.988 0.995

9 0.241 0.356 0.487 0.622 0.743 0.840 0.910 0.954 0.979 0.991 0.997

10 0.248 0.366 0.502 0.638 0.759 0.854 0.920 0.961 0.983 0.993 0.998

12 0.258 0.383 0.523 0.662 0.783 0.874 0.934 0.969 0.987 0.995 0.998

15 0.270 0.400 0.546 0.687 0.805 0.892 0.947 0.977 0.991 0.997 0.999

20 0.282 0.418 0.569 0.711 0.827 0.908 0.957 0.982 0.994 0.998 0.999

30 0.294 0.437 0.592 0.735 0.847 0.923 0.966 0.987 0.996 0.999 1.000

60 0.308 0.457 0.615 0.758 0.866 0.935 0.973 0.990 0.997 0.999 1.000

120 0.314 0.467 0.627 0.769 0.875 0.941 0.976 0.992 0.998 0.999 1.000

1000 0.321 0.476 0.637 0.778 0.882 0.946 0.979 0.993 0.998 1.000 1.000

ν1 = 3, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.191 0.279 0.384 0.499 0.614 0.719 0.808 0.876 0.925 0.958 0.978

6 0.209 0.308 0.426 0.552 0.674 0.779 0.861 0.919 0.956 0.978 0.990

7 0.224 0.332 0.460 0.593 0.717 0.819 0.894 0.944 0.973 0.988 0.995

8 0.236 0.352 0.487 0.625 0.750 0.848 0.916 0.959 0.982 0.993 0.997

9 0.246 0.368 0.509 0.651 0.775 0.869 0.932 0.968 0.987 0.995 0.998

10 0.255 0.382 0.528 0.671 0.794 0.885 0.943 0.975 0.990 0.997 0.999

12 0.269 0.404 0.556 0.703 0.822 0.907 0.957 0.983 0.994 0.998 1.000

15 0.284 0.428 0.586 0.734 0.849 0.926 0.968 0.988 0.996 0.999 1.000

20 0.300 0.453 0.617 0.764 0.874 0.942 0.978 0.993 0.998 1.000 1.000

30 0.318 0.479 0.648 0.794 0.897 0.956 0.985 0.995 0.999 1.000 1.000

60 0.338 0.507 0.680 0.822 0.917 0.968 0.990 0.997 0.999 1.000 1.000

120 0.348 0.522 0.696 0.835 0.926 0.972 0.992 0.998 1.000 1.000 1.000

1000 0.357 0.535 0.709 0.847 0.933 0.976 0.993 0.998 1.000 1.000 1.000

(continued)
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Table A.7 (Power, continued)

ν1 = 4, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.190 0.278 0.385 0.502 0.619 0.726 0.814 0.882 0.930 0.961 0.980

6 0.209 0.311 0.433 0.562 0.686 0.791 0.872 0.928 0.962 0.982 0.992

7 0.226 0.338 0.471 0.609 0.735 0.836 0.908 0.953 0.978 0.991 0.997

8 0.240 0.361 0.503 0.646 0.771 0.867 0.931 0.968 0.987 0.995 0.998

9 0.252 0.381 0.529 0.675 0.799 0.890 0.946 0.977 0.991 0.997 0.999

10 0.262 0.398 0.551 0.699 0.821 0.906 0.957 0.983 0.994 0.998 1.000

12 0.279 0.424 0.586 0.736 0.852 0.929 0.970 0.990 0.997 0.999 1.000

15 0.298 0.454 0.622 0.771 0.881 0.948 0.981 0.994 0.998 1.000 1.000

20 0.319 0.485 0.659 0.806 0.907 0.963 0.988 0.997 0.999 1.000 1.000

30 0.342 0.519 0.697 0.840 0.930 0.975 0.993 0.998 1.000 1.000 1.000

60 0.368 0.555 0.735 0.870 0.949 0.984 0.996 0.999 1.000 1.000 1.000

120 0.382 0.574 0.754 0.885 0.957 0.987 0.997 1.000 1.000 1.000 1.000

1000 0.394 0.591 0.771 0.896 0.963 0.990 0.998 1.000 1.000 1.000 1.000

ν1 = 5, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.189 0.278 0.387 0.506 0.624 0.731 0.820 0.887 0.934 0.964 0.981

6 0.210 0.314 0.438 0.571 0.696 0.801 0.880 0.934 0.967 0.985 0.994

7 0.228 0.344 0.481 0.622 0.749 0.849 0.918 0.960 0.982 0.993 0.998

8 0.244 0.370 0.517 0.663 0.789 0.882 0.941 0.974 0.990 0.997 0.999

9 0.257 0.392 0.546 0.696 0.819 0.905 0.956 0.983 0.994 0.998 1.000

10 0.269 0.411 0.571 0.722 0.842 0.922 0.967 0.988 0.996 0.999 1.000

12 0.289 0.442 0.610 0.762 0.875 0.944 0.979 0.993 0.998 1.000 1.000

15 0.311 0.477 0.652 0.802 0.905 0.962 0.988 0.997 0.999 1.000 1.000

20 0.336 0.514 0.694 0.839 0.931 0.976 0.993 0.999 1.000 1.000 1.000

30 0.365 0.555 0.738 0.874 0.952 0.986 0.997 0.999 1.000 1.000 1.000

60 0.397 0.598 0.781 0.906 0.969 0.992 0.999 1.000 1.000 1.000 1.000

120 0.414 0.621 0.802 0.920 0.975 0.994 0.999 1.000 1.000 1.000 1.000

1000 0.431 0.642 0.821 0.931 0.980 0.996 0.999 1.000 1.000 1.000 1.000

ν1 = 6, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.189 0.279 0.388 0.509 0.628 0.736 0.824 0.891 0.936 0.966 0.983

6 0.211 0.317 0.443 0.578 0.704 0.809 0.887 0.939 0.970 0.986 0.994

7 0.231 0.349 0.490 0.633 0.760 0.859 0.925 0.965 0.985 0.994 0.998

8 0.248 0.378 0.528 0.677 0.802 0.893 0.949 0.978 0.992 0.997 0.999

9 0.262 0.402 0.560 0.712 0.834 0.916 0.964 0.986 0.996 0.999 1.000

10 0.276 0.423 0.588 0.741 0.858 0.933 0.973 0.991 0.997 0.999 1.000

12 0.298 0.458 0.631 0.784 0.892 0.955 0.984 0.996 0.999 1.000 1.000

15 0.323 0.497 0.677 0.826 0.922 0.972 0.992 0.998 1.000 1.000 1.000

20 0.352 0.540 0.724 0.865 0.947 0.984 0.996 0.999 1.000 1.000 1.000

30 0.385 0.587 0.772 0.901 0.967 0.992 0.998 1.000 1.000 1.000 1.000

60 0.424 0.637 0.819 0.931 0.981 0.996 0.999 1.000 1.000 1.000 1.000

120 0.445 0.663 0.842 0.944 0.986 0.997 1.000 1.000 1.000 1.000 1.000

1000 0.465 0.687 0.860 0.954 0.989 0.998 1.000 1.000 1.000 1.000 1.000

(continued)
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Table A.7 (Power, continued)

ν1 = 7, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.189 0.280 0.390 0.511 0.631 0.739 0.828 0.894 0.939 0.967 0.984

6 0.212 0.319 0.448 0.584 0.710 0.815 0.892 0.943 0.972 0.988 0.995

7 0.233 0.354 0.497 0.642 0.769 0.867 0.931 0.968 0.987 0.995 0.998

8 0.251 0.384 0.538 0.688 0.813 0.901 0.954 0.982 0.993 0.998 0.999

9 0.267 0.410 0.573 0.726 0.846 0.925 0.969 0.989 0.997 0.999 1.000

10 0.281 0.434 0.602 0.756 0.871 0.942 0.978 0.993 0.998 1.000 1.000

12 0.305 0.472 0.649 0.801 0.906 0.963 0.988 0.997 0.999 1.000 1.000

15 0.333 0.515 0.699 0.845 0.935 0.978 0.994 0.999 1.000 1.000 1.000

20 0.366 0.562 0.750 0.886 0.959 0.989 0.998 1.000 1.000 1.000 1.000

30 0.405 0.615 0.801 0.921 0.977 0.995 0.999 1.000 1.000 1.000 1.000

60 0.450 0.672 0.850 0.950 0.988 0.998 1.000 1.000 1.000 1.000 1.000

120 0.475 0.701 0.873 0.962 0.992 0.999 1.000 1.000 1.000 1.000 1.000

1000 0.498 0.728 0.892 0.970 0.994 0.999 1.000 1.000 1.000 1.000 1.000

ν1 = 8, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.189 0.280 0.391 0.513 0.634 0.742 0.830 0.896 0.941 0.968 0.984

6 0.213 0.321 0.452 0.589 0.716 0.821 0.897 0.946 0.974 0.989 0.996

7 0.234 0.358 0.503 0.649 0.777 0.873 0.936 0.971 0.988 0.996 0.999

8 0.254 0.390 0.546 0.698 0.822 0.908 0.959 0.984 0.994 0.998 1.000

9 0.271 0.418 0.583 0.737 0.856 0.932 0.973 0.991 0.997 0.999 1.000

10 0.286 0.443 0.614 0.769 0.882 0.949 0.981 0.994 0.999 1.000 1.000

12 0.312 0.484 0.664 0.816 0.916 0.969 0.991 0.998 1.000 1.000 1.000

15 0.343 0.530 0.717 0.861 0.945 0.983 0.996 0.999 1.000 1.000 1.000

20 0.379 0.583 0.772 0.902 0.968 0.992 0.999 1.000 1.000 1.000 1.000

30 0.423 0.640 0.825 0.936 0.983 0.997 1.000 1.000 1.000 1.000 1.000

60 0.474 0.703 0.876 0.963 0.993 0.999 1.000 1.000 1.000 1.000 1.000

120 0.502 0.735 0.898 0.973 0.995 0.999 1.000 1.000 1.000 1.000 1.000

1000 0.530 0.764 0.917 0.981 0.997 1.000 1.000 1.000 1.000 1.000 1.000

(continued)
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Table A.7 (Power, continued)

ν1 = 9, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.189 0.281 0.393 0.515 0.637 0.745 0.833 0.898 0.942 0.969 0.985

6 0.214 0.323 0.455 0.593 0.721 0.825 0.900 0.948 0.976 0.990 0.996

7 0.236 0.361 0.508 0.656 0.783 0.878 0.939 0.973 0.989 0.996 0.999

8 0.256 0.395 0.553 0.706 0.830 0.914 0.962 0.986 0.995 0.999 1.000

9 0.274 0.424 0.592 0.747 0.864 0.938 0.976 0.992 0.998 0.999 1.000

10 0.290 0.450 0.625 0.780 0.890 0.954 0.984 0.995 0.999 1.000 1.000

12 0.318 0.494 0.678 0.828 0.925 0.973 0.992 0.998 1.000 1.000 1.000

15 0.352 0.544 0.733 0.874 0.953 0.986 0.997 0.999 1.000 1.000 1.000

20 0.391 0.601 0.790 0.915 0.974 0.994 0.999 1.000 1.000 1.000 1.000

30 0.439 0.663 0.846 0.948 0.988 0.998 1.000 1.000 1.000 1.000 1.000

60 0.496 0.730 0.896 0.973 0.995 0.999 1.000 1.000 1.000 1.000 1.000

120 0.529 0.765 0.919 0.982 0.997 1.000 1.000 1.000 1.000 1.000 1.000

1000 0.560 0.795 0.936 0.988 0.999 1.000 1.000 1.000 1.000 1.000 1.000

ν1 = 10, α = 0.05

φ

ν2 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

5 0.189 0.281 0.394 0.517 0.639 0.747 0.835 0.900 0.943 0.970 0.985

6 0.215 0.325 0.458 0.597 0.725 0.829 0.903 0.950 0.977 0.990 0.996

7 0.238 0.364 0.513 0.661 0.789 0.883 0.942 0.975 0.990 0.997 0.999

8 0.258 0.399 0.560 0.713 0.836 0.919 0.965 0.987 0.996 0.999 1.000

9 0.277 0.430 0.600 0.755 0.871 0.942 0.978 0.993 0.998 1.000 1.000

10 0.294 0.457 0.634 0.789 0.897 0.958 0.986 0.996 0.999 1.000 1.000

12 0.324 0.504 0.689 0.839 0.932 0.977 0.994 0.999 1.000 1.000 1.000

15 0.359 0.557 0.747 0.885 0.959 0.989 0.998 1.000 1.000 1.000 1.000

20 0.402 0.617 0.806 0.926 0.979 0.996 0.999 1.000 1.000 1.000 1.000

30 0.454 0.683 0.863 0.958 0.991 0.999 1.000 1.000 1.000 1.000 1.000

60 0.517 0.755 0.913 0.980 0.997 1.000 1.000 1.000 1.000 1.000 1.000

120 0.553 0.791 0.935 0.987 0.999 1.000 1.000 1.000 1.000 1.000 1.000

1000 0.588 0.823 0.951 0.992 0.999 1.000 1.000 1.000 1.000 1.000 1.000
∗Power was computed using the SAS statements “nc=v*phi**2;”,
“Falpha=finv(1-alpha,nu1,nu2);”, “power=1 - probf(Falpha,nu1,nu2,nc);”, and “power= round(power,.01);” for val-
ues of the parameters “v”, “phi”, “alpha”, “nu1=v-1” and “nu2”
“Falpha” is the upper-α critical value of the F-distribution with “nu1” and “nu2” degrees of freedom, and “nc” is the
noncentrality parameter for the corresponding noncentral F-distribution
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Table A.8 Tukey’s method:∗ upper α critical values, qv,df,α , of the studentized range distribution

df α v

2 3 4 5 6 7 8 9 10 12 14 16 18 20

2 0.01 14.0 19.0 22.3 24.7 26.6 28.2 29.5 30.7 31.7 33.4 34.8 36.0 37.0 37.9

0.05 6.08 8.33 9.80 10.9 11.7 12.4 13.0 13.5 14.0 14.7 15.4 15.9 16.4 16.8

0.10 4.13 5.73 6.77 7.54 8.14 8.63 9.05 9.41 9.72 10.3 10.7 11.1 11.4 11.7

3 0.01 8.26 10.6 12.2 13.3 14.2 15.0 15.6 16.2 16.7 17.5 18.2 18.8 19.3 19.8

0.05 4.50 5.91 6.82 7.50 8.04 8.48 8.85 9.18 9.46 9.95 10.3 10.7 11.0 11.2

0.10 3.33 4.47 5.20 5.74 6.16 6.51 6.81 7.06 7.29 7.67 7.98 8.25 8.48 8.68

4 0.01 6.51 8.12 9.17 9.96 10.6 11.1 11.5 11.9 12.3 12.8 13.3 13.7 14.1 14.4

0.05 3.93 5.04 5.76 6.29 6.71 7.05 7.35 7.60 7.83 8.21 8.52 8.79 9.03 9.23

0.10 3.01 3.98 4.59 5.03 5.39 5.68 5.93 6.14 6.33 6.65 6.91 7.13 7.33 7.50

5 0.01 5.70 6.98 7.81 8.42 8.91 9.32 9.67 9.97 10.2 10.7 11.1 11.4 11.7 11.9

0.05 3.64 4.60 5.22 5.67 6.03 6.33 6.58 6.80 6.99 7.32 7.60 7.83 8.03 8.21

0.10 2.85 3.72 4.26 4.66 4.98 5.24 5.46 5.65 5.82 6.10 6.34 6.54 6.71 6.86

6 0.01 5.24 6.33 7.03 7.56 7.97 8.32 8.61 8.87 9.10 9.48 9.81 10.1 10.3 10.5

0.05 3.46 4.34 4.90 5.30 5.63 5.90 6.12 6.32 6.49 6.79 7.03 7.24 7.43 7.59

0.10 2.75 3.56 4.07 4.44 4.73 4.97 5.17 5.34 5.50 5.76 5.98 6.16 6.32 6.47

7 0.01 4.95 5.92 6.55 7.02 7.39 7.70 7.98 8.21 8.43 8.80 9.11 9.38 9.62 9.84

0.05 3.34 4.16 4.68 5.06 5.36 5.61 5.81 5.99 6.15 6.42 6.65 6.84 7.00 7.15

0.10 2.68 3.45 3.93 4.28 4.55 4.78 4.97 5.14 5.28 5.53 5.74 5.91 6.06 6.20

8 0.01 4.74 5.64 6.21 6.63 6.97 7.24 7.48 7.69 7.88 8.20 8.46 8.70 8.90 9.08

0.05 3.26 4.04 4.53 4.89 5.17 5.40 5.60 5.77 5.92 6.17 6.39 6.57 6.72 6.86

0.10 2.63 3.37 3.83 4.17 4.43 4.65 4.83 4.99 5.13 5.36 5.56 5.73 5.87 6.00

9 0.01 4.60 5.43 5.96 6.35 6.66 6.92 7.14 7.33 7.50 7.79 8.03 8.23 8.41 8.57

0.05 3.20 3.95 4.41 4.76 5.02 5.24 5.43 5.59 5.74 5.98 6.19 6.36 6.51 6.64

0.10 2.59 3.32 3.76 4.08 4.34 4.54 4.72 4.87 5.01 5.23 5.42 5.58 5.72 5.85

10 0.01 4.48 5.27 5.77 6.14 6.43 6.67 6.88 7.05 7.21 7.48 7.71 7.90 8.07 8.22

0.05 3.15 3.88 4.33 4.65 4.91 5.12 5.30 5.46 5.60 5.83 6.03 6.19 6.34 6.47

0.10 2.56 3.27 3.70 4.02 4.26 4.47 4.64 4.78 4.91 5.13 5.32 5.47 5.61 5.73

11 0.01 4.39 5.15 5.62 5.97 6.25 6.48 6.67 6.84 6.99 7.25 7.46 7.64 7.80 7.94

0.05 3.11 3.82 4.26 4.57 4.82 5.03 5.20 5.35 5.49 5.71 5.90 6.06 6.20 6.33

0.10 2.54 3.23 3.66 3.96 4.20 4.40 4.57 4.71 4.84 5.05 5.23 5.38 5.51 5.63

(continued)
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Table A.8 (Tukey’s method, continued)

df α v

2 3 4 5 6 7 8 9 10 12 14 16 18 20

12 0.01 4.32 5.05 5.50 5.84 6.10 6.32 6.51 6.68 6.82 7.07 7.28 7.46 7.62 7.76

0.05 3.08 3.77 4.20 4.51 4.75 4.95 5.12 5.26 5.39 5.61 5.80 5.95 6.08 6.20

0.10 2.52 3.20 3.62 3.92 4.16 4.35 4.51 4.65 4.78 4.99 5.16 5.31 5.44 5.55

14 0.01 4.21 4.89 5.32 5.63 5.88 6.09 6.26 6.41 6.55 6.77 6.97 7.13 7.27 7.40

0.05 3.03 3.70 4.11 4.41 4.64 4.83 4.99 5.13 5.25 5.46 5.64 5.78 5.91 6.03

0.10 2.49 3.16 3.56 3.85 4.08 4.27 4.42 4.56 4.68 4.88 5.05 5.19 5.32 5.43

16 0.01 4.13 4.79 5.19 5.49 5.72 5.92 6.08 6.22 6.35 6.56 6.74 6.90 7.03 7.15

0.05 3.00 3.65 4.05 4.33 4.56 4.74 4.90 5.03 5.15 5.35 5.52 5.66 5.79 5.90

0.10 2.47 3.12 3.52 3.80 4.03 4.21 4.36 4.49 4.61 4.80 4.97 5.11 5.23 5.33

18 0.01 4.07 4.70 5.09 5.38 5.60 5.79 5.94 6.08 6.20 6.41 6.58 6.73 6.85 6.97

0.05 2.97 3.61 4.00 4.28 4.49 4.67 4.82 4.96 5.07 5.27 5.43 5.57 5.69 5.79

0.10 2.45 3.10 3.49 3.77 3.98 4.16 4.31 4.44 4.55 4.75 4.90 5.04 5.16 5.26

20 0.01 4.02 4.64 5.02 5.29 5.51 5.69 5.84 5.97 6.09 6.28 6.45 6.59 6.71 6.82

0.05 2.95 3.58 3.96 4.23 4.45 4.62 4.77 4.90 5.01 5.20 5.36 5.49 5.61 5.71

0.10 2.44 3.08 3.46 3.74 3.95 4.12 4.27 4.40 4.51 4.70 4.85 4.99 5.10 5.20

24 0.01 3.96 4.55 4.91 5.17 5.37 5.54 5.68 5.81 5.92 6.11 6.26 6.39 6.51 6.61

0.05 2.92 3.53 3.90 4.17 4.37 4.54 4.68 4.81 4.92 5.10 5.25 5.38 5.49 5.59

0.10 2.42 3.05 3.42 3.69 3.90 4.07 4.21 4.34 4.44 4.63 4.78 4.91 5.02 5.12

30 0.01 3.89 4.45 4.80 5.05 5.24 5.40 5.54 5.65 5.76 5.93 6.08 6.20 6.31 6.41

0.05 2.89 3.49 3.85 4.10 4.30 4.46 4.60 4.72 4.82 5.00 5.15 5.27 5.38 5.47

0.10 2.40 3.02 3.39 3.65 3.85 4.02 4.16 4.28 4.38 4.56 4.71 4.83 4.94 5.03

40 0.01 3.82 4.37 4.70 4.93 5.11 5.26 5.39 5.50 5.60 5.76 5.90 6.02 6.12 6.21

0.05 2.86 3.44 3.79 4.04 4.23 4.39 4.52 4.63 4.73 4.90 5.04 5.16 5.27 5.36

0.10 2.38 2.99 3.35 3.60 3.80 3.96 4.10 4.21 4.32 4.49 4.63 4.75 4.86 4.95

60 0.01 3.76 4.28 4.59 4.82 4.99 5.13 5.25 5.36 5.45 5.60 5.73 5.84 5.93 6.01

0.05 2.83 3.40 3.74 3.98 4.16 4.31 4.44 4.55 4.65 4.81 4.94 5.06 5.15 5.24

0.10 2.36 2.96 3.31 3.56 3.75 3.91 4.04 4.16 4.25 4.42 4.56 4.67 4.78 4.86

120 0.01 3.70 4.20 4.50 4.71 4.87 5.01 5.12 5.21 5.30 5.44 5.56 5.66 5.75 5.83

0.05 2.80 3.36 3.68 3.92 4.10 4.24 4.36 4.47 4.56 4.71 4.84 4.95 5.04 5.13

0.10 2.34 2.93 3.28 3.52 3.71 3.86 3.99 4.10 4.19 4.35 4.48 4.60 4.69 4.78

∞ 0.01 3.64 4.12 4.40 4.60 4.76 4.88 4.99 5.08 5.16 5.29 5.40 5.49 5.57 5.65

0.05 2.77 3.31 3.63 3.86 4.03 4.17 4.29 4.39 4.47 4.62 4.74 4.85 4.93 5.01

0.10 2.33 2.90 3.24 3.48 3.66 3.81 3.93 4.04 4.13 4.28 4.41 4.52 4.61 4.69
∗Values qv,df,α were generated using the SAS statement “qT=probmc(‘range’,.,prob,df,v);”, where “prob” = 1 − α,
and “df=.” for df = ∞
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Table A.9 Dunnett’s one-sided method:∗ upper α critical coefficients wD1 = t (0.5)v−1,df,α

df α v − 1

2 3 4 5 6 7 8 9 10 12 14 16 18 20

2 0.01 8.88 10.0 10.9 11.5 12.0 12.5 12.8 13.2 13.5 14.0 14.4 14.7 15.1 15.3

0.05 3.80 4.34 4.71 5.00 5.24 5.43 5.60 5.75 5.88 6.11 6.29 6.45 6.59 6.72

0.10 2.54 2.92 3.19 3.40 3.57 3.71 3.83 3.94 4.03 4.19 4.32 4.44 4.54 4.62

3 0.01 5.48 6.04 6.44 6.74 6.99 7.20 7.38 7.53 7.67 7.91 8.11 8.28 8.43 8.56

0.05 2.94 3.28 3.52 3.70 3.85 3.97 4.08 4.17 4.25 4.39 4.51 4.61 4.70 4.78

0.10 2.13 2.41 2.61 2.75 2.87 2.97 3.06 3.13 3.20 3.31 3.41 3.49 3.56 3.62

4 0.01 4.41 4.80 5.07 5.28 5.45 5.59 5.71 5.82 5.92 6.08 6.22 6.34 6.44 6.53

0.05 2.61 2.88 3.08 3.22 3.34 3.44 3.52 3.59 3.66 3.77 3.86 3.94 4.01 4.07

0.10 1.96 2.20 2.37 2.50 2.60 2.68 2.75 2.82 2.87 2.97 3.05 3.11 3.17 3.22

5 0.01 3.90 4.21 4.43 4.60 4.73 4.85 4.94 5.03 5.11 5.24 5.34 5.44 5.52 5.59

0.05 2.44 2.68 2.85 2.98 3.08 3.16 3.24 3.30 3.36 3.45 3.53 3.60 3.66 3.71

0.10 1.87 2.09 2.24 2.36 2.45 2.53 2.59 2.65 2.70 2.78 2.86 2.92 2.97 3.02

6 0.01 3.61 3.88 4.06 4.21 4.32 4.42 4.51 4.58 4.64 4.76 4.85 4.93 5.00 5.06

0.05 2.34 2.56 2.71 2.83 2.92 3.00 3.06 3.12 3.17 3.26 3.33 3.40 3.45 3.50

0.10 1.82 2.02 2.17 2.27 2.36 2.43 2.49 2.54 2.59 2.67 2.74 2.79 2.84 2.89

7 0.01 3.42 3.66 3.83 3.96 4.06 4.15 4.22 4.29 4.35 4.45 4.53 4.60 4.67 4.72

0.05 2.27 2.48 2.62 2.73 2.82 2.89 2.95 3.00 3.05 3.13 3.20 3.26 3.31 3.36

0.10 1.78 1.98 2.11 2.22 2.30 2.37 2.42 2.47 2.52 2.59 2.66 2.71 2.76 2.80

8 0.01 3.29 3.51 3.66 3.78 3.88 3.96 4.03 4.09 4.14 4.23 4.31 4.38 4.43 4.49

0.05 2.22 2.42 2.55 2.66 2.74 2.81 2.87 2.92 2.96 3.04 3.11 3.16 3.21 3.25

0.10 1.75 1.94 2.08 2.17 2.25 2.32 2.38 2.42 2.47 2.54 2.60 2.65 2.70 2.74

9 0.01 3.19 3.40 3.54 3.66 3.75 3.82 3.89 3.94 3.99 4.08 4.15 4.21 4.26 4.31

0.05 2.18 2.37 2.50 2.60 2.68 2.75 2.81 2.86 2.90 2.97 3.04 3.09 3.14 3.18

0.10 1.73 1.92 2.05 2.14 2.22 2.28 2.34 2.39 2.43 2.50 2.56 2.61 2.65 2.69

10 0.01 3.11 3.31 3.45 3.56 3.64 3.72 3.78 3.83 3.88 3.96 4.03 4.08 4.14 4.18

0.05 2.15 2.34 2.47 2.56 2.64 2.70 2.76 2.81 2.85 2.92 2.98 3.03 3.08 3.12

0.10 1.71 1.90 2.02 2.12 2.19 2.26 2.31 2.35 2.40 2.46 2.52 2.57 2.61 2.65

11 0.01 3.06 3.25 3.38 3.48 3.56 3.63 3.69 3.74 3.79 3.86 3.93 3.99 4.03 4.08

0.05 2.13 2.31 2.43 2.53 2.60 2.67 2.72 2.77 2.81 2.88 2.94 2.99 3.03 3.07

0.10 1.70 1.88 2.01 2.10 2.17 2.23 2.29 2.33 2.37 2.44 2.49 2.54 2.58 2.62

(continued)
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Table A.9 (Dunnett’s one-sided method, continued)

df α v − 1

2 3 4 5 6 7 8 9 10 12 14 16 18 20

12 0.01 3.01 3.19 3.32 3.42 3.50 3.56 3.62 3.67 3.71 3.79 3.85 3.91 3.95 3.99

0.05 2.11 2.29 2.41 2.50 2.58 2.64 2.69 2.74 2.78 2.84 2.90 2.95 2.99 3.03

0.10 1.69 1.87 1.99 2.08 2.16 2.22 2.27 2.31 2.35 2.42 2.47 2.52 2.56 2.60

14 0.01 2.94 3.11 3.23 3.33 3.40 3.46 3.51 3.56 3.60 3.67 3.73 3.78 3.83 3.87

0.05 2.08 2.25 2.37 2.46 2.53 2.59 2.64 2.69 2.73 2.79 2.85 2.89 2.93 2.97

0.10 1.67 1.85 1.97 2.06 2.13 2.19 2.24 2.28 2.32 2.38 2.44 2.48 2.52 2.56

16 0.01 2.88 3.05 3.17 3.26 3.33 3.39 3.44 3.48 3.52 3.59 3.65 3.70 3.74 3.77

0.05 2.06 2.23 2.34 2.43 2.50 2.56 2.61 2.65 2.69 2.75 2.81 2.85 2.89 2.93

0.10 1.66 1.83 1.95 2.04 2.11 2.17 2.22 2.26 2.30 2.36 2.41 2.46 2.50 2.53

18 0.01 2.84 3.01 3.12 3.21 3.27 3.33 3.38 3.42 3.46 3.53 3.58 3.63 3.67 3.71

0.05 2.04 2.21 2.32 2.41 2.48 2.53 2.58 2.62 2.66 2.72 2.78 2.82 2.86 2.89

0.10 1.65 1.82 1.94 2.02 2.09 2.15 2.20 2.24 2.28 2.34 2.39 2.44 2.48 2.51

20 0.01 2.81 2.97 3.08 3.17 3.23 3.29 3.34 3.38 3.42 3.48 3.53 3.58 3.62 3.65

0.05 2.03 2.19 2.30 2.39 2.46 2.51 2.56 2.60 2.64 2.70 2.75 2.80 2.83 2.87

0.10 1.64 1.81 1.93 2.01 2.08 2.14 2.19 2.23 2.26 2.33 2.38 2.42 2.46 2.49

24 0.01 2.77 2.92 3.03 3.11 3.17 3.22 3.27 3.31 3.35 3.41 3.46 3.50 3.54 3.57

0.05 2.01 2.17 2.28 2.36 2.43 2.48 2.53 2.57 2.60 2.66 2.72 2.76 2.80 2.83

0.10 1.63 1.80 1.91 2.00 2.06 2.12 2.17 2.21 2.24 2.30 2.35 2.40 2.43 2.47

30 0.01 2.72 2.87 2.97 3.05 3.11 3.16 3.21 3.25 3.28 3.34 3.39 3.43 3.46 3.50

0.05 1.99 2.15 2.25 2.34 2.40 2.45 2.50 2.54 2.57 2.63 2.68 2.72 2.76 2.79

0.10 1.62 1.79 1.90 1.98 2.05 2.10 2.15 2.19 2.22 2.28 2.33 2.37 2.41 2.44

40 0.01 2.68 2.82 2.92 2.99 3.05 3.10 3.14 3.18 3.21 3.27 3.32 3.36 3.39 3.42

0.05 1.97 2.13 2.23 2.31 2.37 2.42 2.47 2.51 2.54 2.60 2.65 2.69 2.72 2.75

0.10 1.61 1.77 1.88 1.96 2.03 2.08 2.13 2.17 2.20 2.26 2.31 2.35 2.39 2.42

60 0.01 2.64 2.78 2.87 2.94 3.00 3.04 3.08 3.12 3.15 3.20 3.25 3.29 3.32 3.35

0.05 1.95 2.10 2.21 2.28 2.34 2.40 2.44 2.48 2.51 2.57 2.61 2.65 2.69 2.72

0.10 1.60 1.76 1.87 1.95 2.01 2.06 2.11 2.15 2.18 2.24 2.29 2.33 2.36 2.39

120 0.01 2.60 2.73 2.82 2.89 2.94 2.99 3.03 3.06 3.09 3.14 3.18 3.22 3.25 3.28

0.05 1.93 2.08 2.18 2.26 2.32 2.37 2.41 2.45 2.48 2.53 2.58 2.62 2.65 2.68

0.10 1.59 1.75 1.85 1.93 1.99 2.05 2.09 2.13 2.16 2.22 2.27 2.31 2.34 2.37

∞ 0.01 2.56 2.69 2.77 2.84 2.89 2.93 2.97 3.00 3.03 3.08 3.12 3.15 3.18 3.21

0.05 1.92 2.06 2.16 2.23 2.29 2.34 2.38 2.42 2.45 2.50 2.55 2.58 2.62 2.64

0.10 1.58 1.73 1.84 1.92 1.98 2.03 2.07 2.11 2.14 2.20 2.24 2.28 2.32 2.35
∗Values wD1 = t (0.5)v−1,df,α were generated using the SAS statement

“wD1 = probmc(‘dunnett1’,.,prob,df,vm1);”, where “prob” = 1 − α, “vm1” = v − 1, t (0.5)v−1,df,α is the upper α critical
value for the maximum of a (v − 1)-variate t-distribution with common correlation ρ = 0.5 and degrees of freedom df,
and “df=.” for df = ∞
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Table A.10 Dunnett’s two-sided method:∗ upper α critical coefficients wD2 = |t |(0.5)v−1,df,α

df α v − 1

2 3 4 5 6 7 8 9 10 12 14 16 18 20

2 0.01 12.4 13.8 14.8 15.6 16.2 16.7 17.1 17.5 17.8 18.4 18.8 19.2 19.6 19.9

0.05 5.42 6.06 6.51 6.85 7.12 7.35 7.54 7.71 7.85 8.10 8.31 8.49 8.64 8.77

0.10 3.72 4.18 4.50 4.74 4.93 5.09 5.23 5.34 5.45 5.62 5.77 5.89 6.00 6.09

3 0.01 6.97 7.64 8.10 8.46 8.74 8.98 9.19 9.37 9.52 9.79 10.0 10.2 10.4 10.5

0.05 3.87 4.26 4.54 4.75 4.92 5.06 5.18 5.28 5.37 5.53 5.66 5.77 5.87 5.95

0.10 2.91 3.23 3.45 3.62 3.75 3.87 3.96 4.04 4.12 4.24 4.34 4.43 4.51 4.58

4 0.01 5.36 5.81 6.12 6.36 6.55 6.72 6.85 6.98 7.08 7.27 7.42 7.55 7.66 7.77

0.05 3.31 3.62 3.83 3.99 4.13 4.23 4.33 4.41 4.48 4.60 4.71 4.79 4.87 4.94

0.10 2.60 2.86 3.05 3.18 3.30 3.39 3.47 3.54 3.60 3.70 3.79 3.86 3.92 3.98

5 0.01 4.63 4.97 5.22 5.41 5.56 5.68 5.79 5.89 5.97 6.11 6.24 6.34 6.43 6.51

0.05 3.03 3.29 3.48 3.62 3.73 3.82 3.90 3.97 4.03 4.14 4.23 4.30 4.37 4.42

0.10 2.43 2.67 2.83 2.96 3.05 3.14 3.21 3.27 3.32 3.41 3.49 3.56 3.61 3.66

6 0.01 4.21 4.51 4.71 4.87 5.00 5.10 5.20 5.28 5.35 5.47 5.57 5.66 5.74 5.80

0.05 2.86 3.10 3.26 3.39 3.49 3.57 3.64 3.71 3.76 3.86 3.94 4.00 4.06 4.11

0.10 2.33 2.55 2.70 2.81 2.91 2.98 3.05 3.10 3.15 3.24 3.31 3.37 3.42 3.47

7 0.01 3.95 4.21 4.39 4.53 4.64 4.74 4.82 4.89 4.96 5.07 5.16 5.24 5.31 5.37

0.05 2.75 2.97 3.12 3.24 3.33 3.41 3.48 3.53 3.58 3.67 3.75 3.81 3.86 3.91

0.10 2.26 2.47 2.61 2.72 2.81 2.88 2.94 2.99 3.04 3.12 3.18 3.24 3.29 3.33

8 0.01 3.77 4.00 4.17 4.29 4.40 4.48 4.56 4.62 4.68 4.78 4.86 4.93 5.00 5.05

0.05 2.67 2.88 3.02 3.13 3.22 3.29 3.35 3.41 3.46 3.54 3.61 3.67 3.72 3.76

0.10 2.22 2.41 2.55 2.65 2.73 2.80 2.86 2.91 2.96 3.03 3.10 3.15 3.20 3.24

9 0.01 3.63 3.85 4.01 4.12 4.22 4.30 4.37 4.43 4.48 4.57 4.65 4.71 4.77 4.82

0.05 2.61 2.81 2.95 3.05 3.14 3.20 3.26 3.32 3.36 3.44 3.51 3.56 3.61 3.65

0.10 2.18 2.37 2.50 2.60 2.68 2.74 2.80 2.85 2.89 2.97 3.03 3.08 3.13 3.17

10 0.01 3.53 3.74 3.88 3.99 4.08 4.16 4.22 4.28 4.33 4.42 4.49 4.55 4.60 4.65

0.05 2.57 2.76 2.89 2.99 3.07 3.14 3.19 3.24 3.29 3.36 3.43 3.48 3.53 3.57

0.10 2.15 2.34 2.46 2.56 2.64 2.70 2.75 2.80 2.84 2.92 2.98 3.03 3.07 3.11

11 0.01 3.45 3.65 3.79 3.89 3.98 4.05 4.11 4.16 4.21 4.29 4.36 4.42 4.47 4.52

0.05 2.53 2.72 2.84 2.94 3.02 3.08 3.14 3.19 3.23 3.30 3.36 3.42 3.46 3.50

0.10 2.13 2.31 2.43 2.53 2.60 2.66 2.72 2.76 2.80 2.87 2.93 2.98 3.03 3.06

(continued)
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Table A.10 (Dunnett’s two-sided method, continued)

df α v − 1

2 3 4 5 6 7 8 9 10 12 14 16 18 20

12 0.01 3.39 3.58 3.71 3.81 3.89 3.96 4.02 4.07 4.12 4.19 4.26 4.32 4.37 4.41

0.05 2.50 2.68 2.81 2.90 2.98 3.04 3.09 3.14 3.18 3.25 3.31 3.36 3.41 3.45

0.10 2.11 2.29 2.41 2.50 2.57 2.64 2.69 2.73 2.77 2.84 2.90 2.95 2.99 3.03

14 0.01 3.29 3.47 3.59 3.69 3.76 3.83 3.88 3.93 3.97 4.05 4.11 4.16 4.20 4.25

0.05 2.46 2.63 2.75 2.84 2.91 2.97 3.02 3.07 3.11 3.18 3.23 3.28 3.32 3.36

0.10 2.08 2.25 2.37 2.46 2.53 2.59 2.64 2.68 2.72 2.79 2.84 2.89 2.93 2.97

16 0.01 3.22 3.39 3.51 3.60 3.67 3.73 3.78 3.83 3.87 3.94 4.00 4.05 4.09 4.13

0.05 2.42 2.59 2.71 2.80 2.87 2.92 2.97 3.02 3.06 3.12 3.18 3.22 3.26 3.30

0.10 2.06 2.23 2.34 2.43 2.50 2.56 2.61 2.65 2.69 2.75 2.80 2.85 2.89 2.93

18 0.01 3.17 3.33 3.44 3.53 3.60 3.66 3.71 3.75 3.79 3.86 3.91 3.96 4.00 4.04

0.05 2.40 2.56 2.68 2.76 2.83 2.89 2.94 2.98 3.01 3.08 3.13 3.18 3.22 3.25

0.10 2.04 2.21 2.32 2.41 2.47 2.53 2.58 2.62 2.66 2.72 2.77 2.82 2.86 2.89

20 0.01 3.13 3.29 3.40 3.48 3.55 3.60 3.65 3.69 3.73 3.80 3.85 3.90 3.94 3.97

0.05 2.38 2.54 2.65 2.73 2.80 2.86 2.90 2.95 2.98 3.05 3.10 3.14 3.18 3.22

0.10 2.03 2.19 2.30 2.39 2.46 2.51 2.56 2.60 2.64 2.70 2.75 2.79 2.83 2.87

24 0.01 3.07 3.22 3.32 3.40 3.47 3.52 3.57 3.61 3.64 3.70 3.76 3.80 3.84 3.87

0.05 2.35 2.51 2.61 2.70 2.76 2.81 2.86 2.90 2.94 3.00 3.05 3.09 3.13 3.16

0.10 2.01 2.17 2.28 2.36 2.43 2.48 2.53 2.57 2.60 2.66 2.71 2.76 2.79 2.83

30 0.01 3.01 3.15 3.25 3.33 3.39 3.44 3.49 3.52 3.56 3.62 3.66 3.71 3.74 3.77

0.05 2.32 2.47 2.58 2.66 2.72 2.77 2.82 2.86 2.89 2.95 3.00 3.04 3.08 3.11

0.10 1.99 2.15 2.25 2.33 2.40 2.45 2.50 2.54 2.57 2.63 2.68 2.72 2.76 2.79

40 0.01 2.95 3.09 3.19 3.26 3.32 3.37 3.41 3.44 3.48 3.53 3.58 3.62 3.65 3.68

0.05 2.29 2.44 2.54 2.62 2.68 2.73 2.77 2.81 2.85 2.90 2.95 2.99 3.02 3.06

0.10 1.97 2.13 2.23 2.31 2.37 2.42 2.47 2.51 2.54 2.60 2.65 2.69 2.72 2.75

60 0.01 2.90 3.03 3.12 3.19 3.25 3.29 3.33 3.37 3.40 3.45 3.49 3.53 3.56 3.59

0.05 2.27 2.41 2.51 2.58 2.64 2.69 2.73 2.77 2.80 2.86 2.90 2.94 2.97 3.00

0.10 1.95 2.10 2.21 2.28 2.34 2.40 2.44 2.48 2.51 2.57 2.61 2.65 2.69 2.72

120 0.01 2.85 2.97 3.06 3.12 3.18 3.22 3.26 3.29 3.32 3.37 3.41 3.45 3.48 3.50

0.05 2.24 2.38 2.47 2.55 2.60 2.65 2.69 2.73 2.76 2.81 2.86 2.89 2.93 2.95

0.10 1.93 2.08 2.18 2.26 2.32 2.37 2.41 2.45 2.48 2.53 2.58 2.62 2.65 2.68

∞ 0.01 2.79 2.91 3.00 3.06 3.11 3.15 3.19 3.22 3.25 3.29 3.33 3.37 3.40 3.42

0.05 2.21 2.35 2.44 2.51 2.57 2.61 2.65 2.69 2.72 2.77 2.81 2.85 2.88 2.91

0.10 1.92 2.06 2.16 2.23 2.29 2.34 2.38 2.42 2.45 2.50 2.55 2.58 2.62 2.64
∗Values wD2 = t (0.5)v−1,df,α generated using the SAS statement “wD2 = probmc(‘dunnett2’,.,prob, df,vm1);”, where

“prob” = 1 − α, “vm1” = v − 1, |t |(0.5)v−1,df,α is the upper α critical value for the maximum absolute value of a (v − 1)-
variate t-distribution with common correlation ρ = 0.5 and degrees of freedom df, and “df=.” for df = ∞
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Table A.11 Voss–Wang method: upper α critical coefficients wV = vm,d,α for m orthogonal contrasts and d sums of
squares pooled into each quasi mean squared error

even α odd α

m d 0.10 0.05 0.01 0.001 m d 0.10 0.05 0.01 0.001

2 1 12.4 25.0 126. 1384. 3 2 5.31 7.61 17.0 54.4

4 2 9.08 13.1 29.9 105. 5 3 6.35 8.27 14.7 32.0

6 3 8.57 11.2 19.9 50.0 7 4 6.82 8.56 13.8 26.8

8 4 8.37 10.5 16.6 33.2 9 5 7.18 8.73 13.3 24.7

10 5 8.39 10.3 16.0 29.5 11 6 7.42 8.89 13.0 21.4

12 6 8.37 10.1 14.7 24.1 13 7 7.64 8.95 12.4 20.4

14 7 8.43 9.89 14.0 22.5 15 8 7.76 9.04 12.4 19.2

16 8 8.45 9.88 13.5 21.8 17 9 7.85 9.10 12.4 19.1

18 9 8.51 9.77 13.5 19.9 19 10 7.98 9.10 12.2 17.8

20 10 8.50 9.70 12.9 19.0 21 11 8.03 9.17 12.1 16.8

22 11 8.53 9.78 12.9 18.2 23 12 8.12 9.19 11.9 17.2

24 12 8.55 9.76 12.7 18.6 25 13 8.15 9.28 11.9 17.2

26 13 8.60 9.80 12.5 18.2 27 14 8.22 9.33 11.8 16.5

28 14 8.61 9.78 12.6 18.3 29 15 8.27 9.36 11.8 16.7

30 15 8.63 9.78 12.4 17.5 31 16 8.32 9.38 11.8 16.3

32 16 8.70 9.76 12.4 16.9 33 17 8.35 9.38 11.8 15.9

34 17 8.66 9.70 12.2 16.5 35 18 8.38 9.35 11.7 15.8

36 18 8.69 9.71 12.1 16.3 37 19 8.41 9.40 11.6 15.6

38 19 8.70 9.67 12.0 16.5 39 20 8.43 9.37 11.6 16.0

40 20 8.71 9.69 12.0 16.5 41 21 8.45 9.36 11.5 15.5

42 21 8.72 9.64 12.0 15.8 43 22 8.48 9.39 11.6 15.5

44 22 8.73 9.68 12.0 15.7 45 23 8.52 9.40 11.6 15.2

46 23 8.76 9.69 11.9 15.7 47 24 8.53 9.42 11.5 15.1

48 24 8.75 9.65 11.8 15.8 49 25 8.55 9.44 11.5 15.1

50 25 8.76 9.68 11.8 15.7 51 26 8.57 9.42 11.5 15.0

52 26 8.78 9.66 11.8 15.6 53 27 8.60 9.45 11.5 15.0

54 27 8.80 9.69 11.8 15.5 55 28 8.61 9.46 11.4 15.0

56 28 8.82 9.70 11.8 15.7 57 29 8.64 9.51 11.5 15.1

58 29 8.81 9.71 11.7 15.3 59 30 8.63 9.49 11.4 15.0

60 30 8.83 9.70 11.7 15.3 61 31 8.66 9.49 11.4 15.1

62 31 8.84 9.68 11.7 15.9 63 32 8.67 9.50 11.4 15.4
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normalized, 70
pairwise comparison, 70
pairwise difference, 70
preplanned, 82
simple, 145
standard error, 70
sum of squares, 77, 212
three-factor interaction, 206
treatment, 69
treatment versus control, 71
trend, 72, 147, 266
two-factor interaction, 206
variance, 212

Control of noise variability, 523
Control treatment, 71
Covariates, 285, 305, 656
Critical coefficient, 83
Critical value, 597
Crossed array, 484
Crossed blocking factors, 399
Crossed treatment factors, 139
Crossover experiments, 401
Cubic correlation function, 789
Cyclic designs, 355

least squares estimators, 366
multiple comparisons, 366
randomization, 355

Cyclic Latin squares, 401
Cyclic row–column designs, 404, see also Row–column

designs
Cyclic Youden designs, 403
Cycling treatment labels, 355

D
Data adjusted for block effects, 362
Data snooping, 82
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Data transformation, 112
Decision rule, 77
Defining contrast, 496
Defining relation, 496
Definitive screening design, 537
Degrees of freedom, 209
Design, 31
Design matrix, 774
Design space, 768
Difference-of-averages contrast, 72
Difficult-to-change factors, 589, 703
Disconnected designs, 352, 355
Dunnett method, 82, 90

E
Effect sparsity, 172, 219, 222, 223, 533
Eigenvalues, 585, 597, 598, 604
Eigenvectors, 585, 597, 604
Empirical best linear unbiased predictor (eBLUP), 772
Empty cells, 228, 234
Emulator, 768
Error assumptions, 33, 104

constant variance, 110
independence, 108
normality, 117

Error sum of squares, 39, 210
Error variable, 32
Estimability of contrasts, 352
Estimable functions, 34
Estimated generalized least squares, 734, 749
Estimation rules, 209, see also Rules for estimation and

testing
Euclidean distance, 789
Experimental design, 31, 350
Experimental plan, 350
Experimentwise error rate, 81, 152

F
Factorial experiments, 201, 324, 372, 416, 433

asymmetric, 433, 511
balanced incomplete block designs, 459
confounding, 433, 473
fractions, 495
incomplete block designs, 433, 473
single replicate, 433
symmetric, 433
three-level factors, 473
two-level factors, 433

Factorial points, 568
Factorial structure, 372
Factorial-points block, 588
First associates, 354
First-order designs, 568

orthogonal, 569
First-order response surface regression model, 567
Fixed effects, 615
Fixed-effects models, 615

Fractional factorial experiments, 495, 498, 724
analysis of variance, 538, 541, 544, 546
asymmetric fractions, 724
asymmetrical fractions, 511, 512
blocking, 513
composite defining relation, 726
composite design, 726
free variables, 725
hypothesis tests, 541, 546
least squares estimators, 538, 545
nonregular fraction, 530
orthogonal arrays, 516, 521, 522
orthogonal main effect plan, 529
pseudofactors, 511, 719, 724
randomization, 495
regular fraction, 530
saturated design, 529
Taguchi experiments, 523, 539, 546
three-level factors, 507
two-level factors, 495, 516

Full model, 41

G
Gauss–Markov Theorem, 37
Gaussian correlation function, 788
Gaussian stochastic process, 770
Gaussian stochastic process model, 770
General complete block designs, 307, 309
Generalized least squares estimates, 734, 749
Generator, 530
Group divisible designs, 354, see also Incomplete block

designs
least squares estimators, 365
necessary conditions for existence, 355

H
Hadamard matrix, 534
Half-normal probability plots, 221, 225, 231
Half-normal scores, 221
Half-range, 568
Hypothesis testing rules, 209, see also Rules for

estimation and testing
Hypothesis tests, 212

I
Incomplete block designs, 307, 349

analysis of variance, 358, 359, 380, 387
assumption checking, 356
balanced incomplete block designs, 352
block sizes, 349
block–treatment model, 356
cyclic designs, 355
estimability of contrasts, 352
factorial experiments, 372
group divisible designs, 354
least squares estimators, 357, 365
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multiple comparisons, 357, 380, 387
plotting data adjusted for block effects, 362, 381, 387
R design generation, 382
randomization, 350
sample sizes, 371
SAS design generation, 376
two-level factorial experiments, 433

Independent contrasts, 443
Initial block, 355
Input combinations, 767
Input points, 767
Input space, 768
Interaction contrasts, 144, 206
Interaction line graph, 205
Interaction plots, 140, 202, 217
Interactions, 139, 141

three-factor, 202
two-factor, 139

L
Lack of fit, 106, 252
Lack-of-fit sum of squares, 572
Lack-of-fit test, 254, 581, 597, 600
Latin hypercube design (LHD), 776, 781, 786, 790

maximin, 778, 781, 786
minimax, 790
minimum average reciprocal, 791

Latin square designs, 401, see also Row–column designs
analysis of variance, 407, 408
assumption checking, 414
confidence intervals, 410
least squares estimators, 408, 410
multiple comparisons, 410
randomization, 401
replication, 402
row–column–treatment model, 405
sample sizes, 411

Latin squares, 401
Least squares estimators, 36, 149, 161, 163, 164, 253,

264, 265, 288, 313
Line graph, 205
Linear effect, 568
Linear model, 33
Linear trend contrast, 264
Local experiment, 566
Local linear effect, 568
Loss of information, 451
Lower confidence bound, 76

M
Main effects, 141
Main-effect contrasts, 152, 206
Main-effects model, 143, 161, 202
Maximin Latin Hypercube designs, 790
Maximum likelihood estimation, 771
Maximum likelihood estimator, 733, 749
Mean square, 210

Mesh size, 783
Method of least squares, 35
Midrange, 568
Minimax designs, 790
Minimum significant difference, 83
Mixed arrays, 523
Mixed models, 615, 642, 673

analysis of variance, 648, 654, 661
confidence intervals, 647, 648, 655, 662
expected mean squares, 643, 648, 654
hypothesis tests, 643, 648, 654, 661
least squares estimators, 655, 662
test statistic denominator, 648

Mixed models analysis
analysis of variance approach, 727, 745
restricted maximum likelihood approach, 734, 749

Mixed-models controversy, 648
Model building, 170
Modulo, 444, 476
Multiple comparisons, 81, 152, 166, 180, 187, 213, 294,

320, 321
Bonferroni method, 82, 83
combination of methods, 92
Dunnett method, 82, 90
Games–Howell method, 115
other methods, 92
Scheffé method, 82, 85
split-plot designs, 716, 721
split-split-plot designs, 722
summary of methods, 82
Tukey method, 82, 87

N
Nested blocking structure, 703
Nested factors, 671

analysis of variance, 676, 679, 683, 687, 691
assumption checking, 674
confidence intervals, 676, 678, 679, 682
expected mean squares, 679, 682, 687
fixed-effects model, 674
least squares estimators, 674
mixed effects, 682
rules for estimation and testing, 678, 679
test statistic denominator, 683
two-way nested models, 672, 673

Nested fixed effects, 674
Nested models, 671
Noise factors, 305, 513, 523, 541, 546
Noncollapsing design, 774
Normal equations, 35, 164, 253, 264, 265, 288, 412
Normal probability plots, 117
Normal scores, 117
Normalized contrasts, 70
Nuisance factors, 285, 305

O
One source of variation, 31, 41, 618
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fixed-effects model, 33, 265
analysis of variance, 41, 44, 54, 62
assumption checking, 103
confidence intervals, 74, 76, 94, 97
hypothesis tests, 77, 78, 94, 97
least squares estimates, 36
multiple comparisons, 81, 83, 86, 88, 90, 95, 99
normal equations, 35
randomization, 31, 52, 59
residual plots, 104
sample sizes, 45, 48, 92

random-effects model, 618
analysis of covariance, 656
analysis of variance, 623, 654
assumption checking, 631, 652, 659
confidence intervals, 625, 627
expected mean squares, 654
hypothesis tests, 654
least squares estimates, 36
normal equations, 35
randomization, 31, 52, 59
sample sizes, 628
variance-components estimators, 619, 621

One-way analysis of covariance, 289
One-way analysis of variance, 41, see also One source of

variation
Orthogonal arrays, 436, 495, 516

asymmetrical, 521
three-level factors, 522
two-level factors, 516

Orthogonal blocking, 587, 588
Orthogonal central composite designs, 586
Orthogonal contrasts, 172, 360, 435
Orthogonal first-order designs, 569
Orthogonal main-effect plan, 529, 530
Orthogonal polynomials, 266
Orthogonal second-order designs, 586
Outliers, 107
Overall confidence level, 81
Overall significance level, 81
Overfit, 251

P
Pairwise comparisons, 70
Pairwise differences, 70
Partial confounding, 451, 455, 460, 475
Partitioning principle, 80
Path of steepest ascent, 566, 576
Pearson product-moment correlation, 262
Plackett–Burman design, 530
Polynomial regression, 249

analysis of variance, 261, 273, 277
assumption checking, 252
confidence intervals, 258, 263, 276
hypothesis testing, 274, 277
lack of fit, 252
lack-of-fit test, 254, 276, 280
least squares estimators, 251, 253, 254, 264, 265

model, 250, 567
normal equations, 253, 254, 264, 265
orthogonal polynomials, 266
prediction intervals, 258, 276
quadratic regression, 251, 265
simple linear regression, 250, 257, 263

Pooled sample variance, 255
Power, 47
Power exponential correlation function, 788
Prediction intervals, 258, 276
Preplanned contrasts, 82
Product arrays, 523, 589
Pseudofactors, 482, 511, 719
Pure error, 255, 572
P-value, 45

Q
Quadratic regression, 251, 265
Quasi mean squared error, 223

R
Random block effects, 649, 739, 753
Random effects, 615, 618, 632, 679
Random numbers, 794, 796
Random two-way main-effects model, 632
Random-effects models, 615
Random-effects one-way model, 618
Random-effects two-way complete model, 632
Randomization, 31, 52, 59, 308, 350, 353
Randomized complete block designs, 305, 307, 308, 704

analysis of variance, 311, 318, 327, 331
assessment of blocking, 311
assumption checking, 323
block–treatment interaction model, 318, 325
block–treatment model, 310, 318, 325
factorial experiments, 324
least squares estimators, 313
multiple comparisons, 313, 320, 321
randomization, 308
sample sizes, 309, 322

Recovery of inter-block information, 736, 753
Reduced model, 41
Regression model, 249
Residual effects, 402
Residual maximum likelihood, 734, 749
Residual plots, 103, 104, 252, see also Assumption

checking
Residuals, 39, 104

scaled, 104
standardized, 104
Studentized, 104

Resolution, 498
Response curve, 249
Response surface, 249, 565
Response surface methods, 565

analysis of variance, 571, 581, 594, 597, 599, 603
analysis with blocking factors, 597
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assumption checking, 570
Box–Behnken designs, 592
canonical analysis, 583, 597, 604
central composite designs, 578
first-order designs, 568, 569
first-order model, 567
lack-of-fit test, 581, 597
orthogonal blocking, 587, 588
orthogonal designs, 586
path of steepest ascent, 576
rotatable designs, 585, 586
second-order designs, 578
second-order model, 573, 597, 602

Restricted maximum likelihood, 656, 664, 734, 743, 749,
756

Robust design, 523
Rotatable central composite designs, 586
Rotatable second-order designs, 585
Row–column designs, 399, 401, 403, 404

analysis of variance, 407, 416, 421
assumption checking, 414
confidence intervals, 417, 422
factorial experiments, 416
least squares estimators, 419, 425
multiple comparisons, 407
plotting data adjusted for block effects, 419, 425
randomization, 400
row–column–treatment model, 405

Row–column–treatment model, 405
R software, 57

analysis of covariance, 299
analysis of variance, 62
assumption checking, 125
confidence intervals, 97
data frame, 59
factor variable, 62
Games–Howell method, 130
hypothesis tests, 97
keyboard data entry, 61
least squares means, 62
library loading, 63
means, 128
mixed models, 661
multiple comparisons, 99
nested effects, 691
package installation, 63
plots, 60
plotting data, 61
regression, 276
residual plots, 125
Satterthwaite’s method, 130
transforming data, 129
updating the software, 58
user-defined function, 130
working directory, 58

Rules for estimation and testing, 209, 637, 647, 678, 682,
683

analysis of variance, 211, 648, 678, 683
confidence intervals, 213, 648, 682

contrast sum of squares, 212
contrast variance, 212
degrees of freedom, 209, 678
error sum of squares, 210
expected mean squares, 637, 648, 679, 682
hypothesis tests, 212, 648
least squares estimators, 211
mean square, 210
multiple comparisons, 213
test statistic denominator, 648, 683
total sum of squares, 210

Run order, 110

S
Saddle point, 578
Sample correlation, 262
Sample sizes, 45, 92, 171, 309, 322, 371, 628, 642, 657,

664, 665
SAS software

analysis of covariance, 296
analysis of variance, 54
assumption checking, 119
classification variable, 55
confidence intervals, 94
data input, 53
Games–Howell method, 124
hypothesis tests, 94
least squares means, 56
means, 122
multiple comparisons, 95
nested effects, 687
pdf file output, 55
plotting data, 55
random effects, 654
regression, 273
residual plots, 119
Satterthwaite’s method, 124
transforming data, 123

Satterthwaite’s approximation, 115, 124, 130, 154, 168,
655, 664, 691, 717, 733, 743, 746

Scaled residuals, 104
Scheffé method, 82, 85
Screening experiments, 497
Second associates, 354
Second-order designs, 578

orthogonal, 586
rotatable, 585

Second-order response surface regression model, 573,
597, 602

Separability of factorial effects, 205
Sequential sums of squares, 179, 273, 277
Several crossed treatment factors, 201

analysis of variance, 211, 217, 220
cell-means model, 201
confidence intervals, 213
hypothesis tests, 212
interaction plots, 202, 217
least squares estimators, 211
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main-effects model, 202
multiple comparisons, 213
rules for estimation and testing, 209
single replicate experiment, 219
three-way complete model, 202

Significance level, 43
Simple contrasts, 145, 732, 746
Simple linear regression, 250, 263
Simple pairwise differences, 145, 717
Simultaneous confidence intervals, 81, 223
Simultaneous hypothesis tests, 81
Single replicate experiments, 171, 183, 192, 219, 221,

223, 433
Split plots, 703
Split-plot designs, 703, 714, 718

analysis of variance, 706, 709, 713, 715, 719, 729
confidence intervals, 709
confounding, 724
expected mean squares, 728, 729, 745
least squares estimators, 708
models, 705, 718, 735, 750
multiple comparisons, 709, 716, 721, 729, 745
randomization, 703
split-plot analysis, 706
split-plot confounding, 713
type I analysis, 728
type III analysis, 729, 745
whole-plot analysis, 707

Split-split-plot designs, 711, 721
analysis of variance, 712, 722
model, 712, 722
multiple comparisons, 722

Standard error, 70
Standard first-order designs, 568
Standard Latin squares, 401
Star points, 579
Stationary point, 578
Studentized range distribution, 88
Studentized residuals, 104
Sum of products, 288
Sum of squares

blocks adjusted for treatments, 359
contrast, 77
error, 39
lack of fit, 255, 572
pure error, 572
total, 44
treatments, 42
treatments adjusted for blocks, 358, 412
Type I, 178, 187, 273, 277
Type III, 178, 187

Supersaturated designs, 533
Symmetric factorial experiments, 433

T
Taguchi experiments, 523
T-distribution approximation, 83
Test for lack of fit, 254

Test power, 47
Three-factor interaction contrast, 206
Three-way complete model, 202
Total sum of squares, 44, 210
Transformation, 112
Treatment contrasts, 34, 69, 293, 435
Treatments adjusted for blocks, 358, 461, 463
Treatment sum of squares, 42
Treatment-versus-control contrast, 71
Trend contrasts, 72, 147, 266
Tukey method, 82, 87
Tukey’s test for additivity, 175
Two crossed treatment factors, 139

analysis of variance, 155, 159, 168, 169, 177, 184, 186
assumption checking, 143, 182, 191
cell-means model, 142
complete model, 142
confidence intervals, 144, 152
interaction plots, 140
least squares estimators, 149, 161, 163, 164
main-effects model, 143, 161
multiple comparisons, 144, 152, 166, 180, 187
randomization, 139
residual plots, 182, 191
sample sizes, 171
single replicate experiment, 171, 183, 192

Two or more random effects, 632
analysis of variance, 648, 654
assumption checking, 634
confidence intervals, 638, 648
expected mean squares, 637, 648, 654
hypothesis tests, 640, 648, 654
intermediate random-effects model, 633
random-effects two-way complete model, 632
random two-way main-effects model, 632
sample sizes, 642
test statistic denominator, 648
variance-components estimators, 637

Two-factor interaction, 139
Two-factor interaction contrast, 206
Two-level factorial experiments, 433
Two-way analysis of variance, 159, see also Two crossed

treatment factors
Two-way nested model, 672
Type I sums of squares, 178, 187
Type III sums of squares, 178, 187

U
Unadjusted estimator, 356
Unadjusted mean, 289
Unconfounded, 307
Unequal variances, 154, 168
Upper confidence bound, 40, 76

V
Variance component estimation

analysis of variance estimates, 620, 625, 635, 637,
655, 664, 682, 727, 745
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restricted maximum likelihood estimates, 656, 664,
695, 733, 742, 748, 755, 776

Variance components, 618
Voss–Wang method, 223, 227, 232

W
Washout periods, 402
Websites

Dean Voss Draguljic, 54, 58
R-project, 57
RStudio, 57

Whole plots, 703
Words, 498

Y
Youden designs, 403, see also Row–column designs

analysis of variance, 407, 412
assumption checking, 414
confidence intervals, 413
least squares estimators, 412
multiple comparisons, 413
randomization, 403
replication, 403
row–column–treatment model, 405
sample sizes, 413

Youden square, 403
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