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Question 1 

The financial structure of a firm refers to the way the firm's assets are divided by equity and debt, and the 
financial leverage refers to the percentage ofassets financed by debt. It has been claimed that financial 
leverage can be used to increase the rate of return on equity. The following data show the rates of return 
on equity using 3 different levels of financial leverage and a control level (zero debt) for 24 randomly 
selected firms. 

Control Low Medium High 
2.1 6.2 9.6 10.3 
5.6 4.0 8.0 6.9 
3.0 8.4 5.5 7.8 
7.8 2.8 12.6 5.8 
5.2 4.2 7.0 7.2 

(i) Perform the analysis of variance the 0.05 level of significance. (10 marks) 
(ii) Test at 0.01 level of significance to determine whether the mean rates of return on equity at the low, 
medium and high levels of financial leverage are higher than at the control level. (5 marks) 
(iii) Use an appropriate test to test the assumption of equal variances. (5 marks) 

Question 2 

A building contractor employs three construction engineers, A, B, and C, to estimate and bid on jobs. To 
determine whether one tends to be more conservative (or liberal) estimator than the others, the contractor 
selects four projected construction jobs and has each estimator independently estimate the cost (in 
Emalangeni per square foot) of each job. The data are shown below in the Table: 

Construction Job 
Estimator 1 2 3 4 Total 
A 35.10 34.50 29.25 31.60 130.45 
B 37.45 34.60 33.10 34.40 139.55 
C 36.30 35.10 32.45 32.90 136.75 
Total 108.85 104.20 94.80 98.90 406.75 

Analyse the experiment using appropriate methods. Identify the blocks and treatments, and investigate 
any potential differences in treatment means. [f any differences exist, use an appropriate method to 
specifically identify where the differences lie. Has blocking been effective in this experiment? What are 
the practical implications of the experiment? Present your results in the form ofa report. (20 marks) 
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Question 3 

(a) What is confounding? Explain the difference between a completely confounded and partially 
confounded experiment. (6 marks) 

(b) When we say the higher-order interaction, say ABCDE is confounded with blocks, what do we mean? 
(4 marks) 

(c) Use the linear combination method to construct two blocks of the 23 design with ABC confounded 
with blocks. Specify clearly the defining contrast corresponding to ABC. Which is the principal block? 

(10 marks) 

Question 4 

(a) List the effects that can be estimated with a 24 factorial experiment. (4 marks) 

(b) An engineer wants to run a 25 factorial experiment in four blocks. Suppose that both ABCD and ACE 
are confounded with blocks. 

(i) Determine the generalized interaction (2 marks) 

(ii) Write down the treatment combinations for each ofthe four blocks. (8 marks) 
(c) In a 25 design with four blocks, the treatment combinations in the principal block are: 

(I) be ae abd bde cde acd abce 


Write out the treatment combinations in the other three blocks. (6 marks) 
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Question 5 

There are various ways to bake a cake. An experiment was conducted to determine how pan material, the 
brand of cake mix and the stirring method affect the taste of cakes. The factor levels are: 

Factor Low (-) High (+) 
A = pan material glass aluminum 
B = stirring method spoon mIxer 
C brand mix cheap expensive 

The response variable was taste, a subjective measure derived from a questionnaire given to the subjects 
who sampled each batch ofcakes. An eight-person panel sampled each batch and filled out the 
questionnaire. The complete set ofdata is shown below: 

Test Panel Results 
Cake A B C 1 2 3 4 5 6 7 8 Total 
I 11 9 10 10 11 10 8 9 78 
2 + 15 10 16 14 12 9 6·' 15 97 
3 + 9 12 11 11 11 11 1 1 12 88 
4 + + 16 17 15 12 13 13 11 11 108 
5 + 10 11 15 8 6 8 9 14 81 
6 + + 12 13 14 13 9 13 14 9 97 
7 + + 10 12 13 10 7 7 17 13 89 
8 + + + 15 12 15 13 12 12 9 14 102 

Total 98 96 109 91 81 83 85 97 740 

(a) Analyse the data from this experiment and draw conclusions. (20 marks) 

END OF EXAM!! 
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IV. Percentage Points of the F Distribution (continued) 0'\ 
1-' 

FO.03•v,.", o 
Dellree.!i of Freedom for the Numerator (JI,) 

602 3 4 5 6 7 8 9 10 12 IS 20 24 30 40 120 '" 
161.4 199.5 215.7 224.6 230.2 234.0 236.8 238.9 240.5 241.9 243.9 245.9 248.0 249.1 250.1 251.1 252.2 253.3 254.3 

2 18.51 19.00' 19.16 19.25 19.30 19.33 19.35 19.37 19.38 19.40 19.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49 19.50 

3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.74 8.70 8.66 S.64 8.62 8.59 8.57 8.55 8.53 

14 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.91 5.S6 5.80 5.77 5.75 5.72 5.69 5.66 5.63 

5 6.61 5.79 5.4l 5.19 5.05 4.95 4.88 4.82 4.77 4.74 4.68 4.62 4.56 4.53 4.50 4.46 4.43 4.40 4.36 ~ 6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.00 3.94 3.87 3.84 3.81 3.77 3.74 3.70 3.67 

7 5.59 4.74 4.35 4.12'· 3.97 3.87 3.79 3.73 3.68 3.64 3.57 3.5i 3.44 3.41 3.38 3.34 3.30 3.27 3.23 

8 5.32 4.46 4.07 3.84 3.69' 3.58 3.50 3.44 3.39 3.35 3.28 3.22 3.15 3.12 3.08 3.04 3.01 2.97 2.93 

9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01 2.94 2.90 2.86 2.83 2.79 2.75 2.71 

10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98 2.91 2.85 2.77 2.74 2.70 2.66 2.62 2.58 2.54 

11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.85 2.79 2.72 2.65 2.61 2.57 2.53 2,49 2.45 2.40 

:r 12 
Ii' 13 

4.75 
4.67 

3.89 
3.81 

3.49 
3.41 

3.26 
3.18 

3.11 
3.03 

3.00 
2.92 

2.91 
2.83 

2.85 
2.77 

2.80 
2.71 

2.75 
2.67 

2.69 
2.60 

2.62 
2..53 

2.54 
2.46 . 

2.51 
2.42 

2.47 
2.38 

2.43 
2.34 

2.38 
2.30 

2.34 
2.25 

2.30 
2.21 

Ii 14

'115 
4.60 

4.54 

3.74 

3.68 

3.34 

3.29 

3:U 

3.06 

2.96 

2.90 

2.85 

2.79 

2.76 

2.71 

2.70 

2.64 

2.65 

2.59 

2.60 

2.54 

2.53 

2.48 

2.46 

2.40 

2.39 

2.33 

2.35 

2.29 

2'.31 

2.25 

2.27 

2.20 

2.22 

2.16 

2.18 

2.11 

2.13 

2.07 

d 16 4.49 3.63 3.~ 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.42 2.35 2.28 2.24 2.19 2.15 2.11 2.06' 2.01 

~-.... J! 17 4.45 3.59' 3.20 2.96 2.81 2.70 2.61 2.55 2.49 2.45 2.38 2.31 2.23 2.19 2.15 2.10 2.06 2.01 1.96 

J2 18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.34 2.27 2.19 2.15 2.11 2.06 2.02 1.97 1.92 

~ 19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38 2.31 2.23 2.16 2.11 2.07 2.03 1.98 1.93 1.88 

1 20 4.35 3.49 3.10 2.87 2.71 2.60 2..51 2.45 2.39 2.35 2.28 2.20 2.12 2.08 2.04 1.99 1.95 1.90 1.84 
11. 21
'0
it 22 

4.32 
4.30 

3.47 
3.44 

3.07 
3.05 

2.84 
2.82 

2.68 
2.66 

2.57 
2.55 

2.49 
2.46 

2.42 
2.40 

2.37 
2.34 

2.32 
. 2.30 

2.25 
2.23 

2.18 
2.15 

2.10 
2.07 

2.05 
2.03 

2.01 
1.98 

1.96 
1.94 

1.92 
1.89 

1.87 
1.84 

1.81 
1.78 . 

lib 23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32 2.27 2.20 2.13 2.05 2.01 1.96 1.91 1.86 .1.81 1.76 
~ 24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.18 2.11 2.03 1.98 1.94 1.89 1.84 1.79 1.73 

25 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28 2.24 2.16 2.09 2.01 1.96 1.92 1.81 1.82 1.77 1.71 
26 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.15 2.07 1.99 1.95 1.90 1.85 1.80 1.75 1.69 
27 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25 2.20 2.13 2.06 1.97 1.93 1.88 1.84 1.79 1.73 1.67 
28 4.20 3.34".J~ 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.12 2.04 1.96 1.91 1.87 1.82 1.77 1.71 1.65 
29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22 2.1S 2.10 2.03 1.94 1.90 1.85 1.81 1.75 1.70 1.64 

30 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.68 1.62 
40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.08 2.00 1.92 1.84 1.79 1.74 1.69 1.64 1.58 1.51 
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.92 1.84 1.75 1.70 1.65 1.59 1.53 1.47 1.39 

120 3.92 3.07 2.68 2.45 2.29 2.17 2.09 2.02 1.96 1.91 1.83 1.75 1.66 1.61 1.55 1.55 1.43 1.35 1.25 
CD 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.75 1.67 1.57 l.S2 1.46 1.39 1.32 1.22 1.00 

._---.............,-----



IV. Percentage Points of the F Distribution (continued) 
FO,02S.", • .., 

VI Degrees ofFreedom for the Numeralor <v,) 

V:z 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 

I 647.8 799.5 864.2 899.6 921.8 937.1 948.2 956.7 963.3 968.6 976.7 984.9 993.1 997.2 1001 1006 1010 1014 1018 

2 38.51 39.00 39.11 39,25 39.30 39.33 39.36 39.37 39.39 39.40 39.41 39.43 39.45 39.46 39.46 39.47 39.48 39.49 39.50 

3 17M 16.04 15.44 15.10 14.88 14.73 14.62 1454 14.47 14.42 14.34 14.25 14.17 14.12 14.08 14.04 13.99 13.95 13.90 
4 12,22 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.90 8.84 8.75 8.66 8.56 8.51 8.46 8.41 8.36 8.31 8.26 

5 10.01 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.68 6.62 6.52 6.43 6.33 6.28 6.23 6.18 6.12 6.07 6.02 

6 8.81 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 5.37 5.27 5.17 5.12 5J)7 5.01 4.96 4.90 4.85 

7 8.07 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82 4.76 4.67 4.57 4.47 4.42 4.36 4.31 4.25 4.20 4.14 

8 757 6.06 5.42 5.05 4.82 4.65 4.53 4.43 4.36 4.30 4.20 4.10 4.00 3.95 3.89 3.84 3.78 3.73 3.67 

9 7.21 5.71 5.08 4.72 4.48 4.32 4.20 4.10 4.03 3.96 3.87 3.77 3.67 3.61 3.56 3.51 3.45 3.39 3.33 

10 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.85 3.78 3.72 3.62 3.52 3.42 3.37 3.31 3.26 3.20 3.14 3.08 

11 6.72 5.26 4.63 4.28 4.04 3.88 3.76 3.66 3.59 3.53 3.43 3.33 3.23 3.17 3.12 3.06 3.00 2.94 2.88 

-;?o 12 6.55 5.10 4.47 4.12 3.89 3.73 3.61 3.51 3.44 3.37 3.28 3.18 3.07 3.02 2.96 2.91 2.85 2.79 2.72 

-; 13 6.41 4.97 4.35 4.00 3.77 3.60 3.48 3.39 3.31 3.25 3.15 3.05 2.95 '2.89 2.84 2.78 2)72 2.66 2.60 

~ 14 6.30 4.86 4.24 3.89 3.66 3.50 3.38 3.29 3.21 3.15 3.05 2.95 2.84 2.79 2.73 2.67 2.61 2.55 2.49 
·s 
o IS 6.20 4':17 4.15 3.80 3.58 3.41 3.29 3.20 3.12 3.06 2.96 2.86 2.76 2.70 2.64 2.59 2.52. 2.46 2.40 
~ 16 6.12 4.69 4.08 3.73 3.50 3.34 3.22 3.12 3.05 2.99 2.89 2.79 2.68 2.63 2.57 2.51 2.45 2.38 2.32 

~ 17 6.04 4.62 4.01 3.66 3.44 3.28 3.16 3.06 2.98 2.92 2.82 2.72 2.62' 2.56 2.50 2.44 2.38 2.32 2.25 

Jl '18 5.98 4.56 3.95 3.61 3.38 3.22 3.10 3.01 2.93 2.87 2.77 2.67 2.56 2.50 2.44 2.38 2.32 2.26 2.19 

~ 19 5.92 4.51 3.90 3.56 3.33 • 3.1 i 3.05 2.96 2.88 2.82 2.72 2.62 2.51 2.45 2.39 2.33 2.27 2.20 2.13 

~ 20 5.87 4.46 3.86 3.51 3.29 3.13 3.01 2.91 2.84 2.77 2.68 2.57 2.46 2.41 2.35 2.29 2.22 . 2.16 2.09 

'B 21 5.83 4.42 3.82 3.48 3.25 3.09 2.97 2.87 2.80 2.73 2.64 2.53 2.42 2.37 2.31 2.25 2.18 2.11 2.04 

ii 22 5.79 4.38 3.78 3.44 3.22 3.05 2.93 2.84 2.76 2.70 2.60 2.50 2.39 2.33 2.27 2.21 2.14 2.08 2,00 

~ 23 5.75 4.35 3.75 3.41 3.18 3.02 2.90 2.81 2.73 2.67 2.57 2.47 2.36 2.30 2.24 2.18 2.11 2,04 1.97 
Q 24 5.72 4.32 3.72 3.38 3.15 2.99 2.87 2.78 2.70 2.64 2.54 2.44 2.33 2.27 2.21 2.15 2.08 2.01 1.94 

25 5.69 4.29 3.69 3.35 3.13 2.97 2.85 2.75 2.68 2.61 2.51 2.41 2.30 2.24 2.18 2.12 2.05 1.98 1.91 

26 5.66 4.27 3.67 3.33 3.10 2.94 2.82 2.73 2.65 2.59 2.49 2.39 2.28 2.22 2.16 2.09 2.03 1.95 1.88 ~ 27 5.63 4.24 3.65 3.31 3.08 2.92 2.80 2.71 2.63 2.57 2.47 2.36 2.25 2.19 2.13 2.07 2.00 1.93 1.85 

28 5.61 4.22 3.63 3.29 3.06 2.90 2.78 2.69 2.61 2.55 2.45 2.34 2.23 2.17 2.11 2.05 1.98 1.91 1.83 X 
29 5.59 4.20, 1.61 3.27 3.04 2.88 2.76 2.67 2.59 2.53 2.43 2.32 2.21 2.15 2.09 2.03 1.96 1.89 1.81 

30 5.57 4.18 3.59 3.25 3.03 2.87 2.75 2.65 2.57 2.51 2.41 2.31 2.20 2.14 2.07 2.01 1.94 1.87 1.79 
40 5.42 4.05 3.46 3.13 2.90 2.74 2.62 2.53 2.45 2.39 2.29 2.18 2.07 2.01 1.94 1.88 1.80 1.72 1.64 

60 5.29 3.93 3.34 3.01 2.79 2.63 2.5 1 2.41 2.33 2.27 2.17 2.06 1.94 1.88 1.82 1.74 1.67 1.58 1.48 

120 5.15 3.80 3.23 2.89 2.67 2.52 2.39 2.30 2.22 2.16 2.05 1.94 1.82 1.76 1.69 1.61 1.53 1.43 1.31 0\ 
5.02 3.69 3.12 2.79 2.57 2.41 2,29 2.19 2.11 2.05 1.94 1.83 1.71 1.64 1.57 1.48 1.39 1.27 1.00 I-" 

I-" 
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IV. Percentage Points of the F Distribution (continued) 0\ 
....... 

FO•OI•v,.", t-.l 

Degrees of Freedom for the Numerator (VI) 

Vl 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 co 

4052 4999.5 5403 5625 5764 5859 5928 5982 6022 6056 6106 6157 6209 6235 6261 6287 6313 6339 6366 

2 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39 99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.49 99.50 
3 34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.35 27.23 nos 26.87 26.69 26.00 26.50 26.41 26.32 26.22 26.13 
4 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66 14.55 14.37 14.20 14.02 13.93 13.84 13.75 13.65 13.56 13.46 

16.26 13.27 12.06 11.39 10.97 10.67 10,46 10.29 10.16 10.05 9.89 9.72 9.55 9.47 9.38 9.29 9.20 9.11 9.02 ~ 6 
7 

13.75 
12.25 

10.92 
9.55 

9.78. 
8,45 

9.15 
7.85". 

8.75 
7,46 

8,47 
7.19 

8.26 
6.99 

8.10 
6.84 

7.98 
6.72 

7.87 
6.62 

7.72 
6.47 

7.56 
6.31 

7.40 
6.16 

7.31 
6.07 

7.23 
5.99 

7.14 
5.91 

7.06 
5.82 

6.97 
5.74 

6.88 
5.65 X 

8 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.67 5.52 5.36 5.28 5.20 5.12 5.03  4.95 4.86 
9 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.11 4.96 4.81 4.73 4.65 4.57 4.48 4.40 4.31 

10.04 7.56 6.55 5.99 5.64 5.39 5.20 .5.06 4.94 4.85 4.71 4.56 4.41 4.33 4.25 4.17 4.08 4.00 3.91 
11 

£ 12 
9.65 
9.33 

7.21 
6.93 

6.22 
5,95 

5.67 
5,41 

5.32 
5.06 

5.07 
4.82 

4.89 
4.64 

4.74 
4.50 

4.63 
4.39 

4.54 
4.30 

4.40 
4.16 

4.25 
4.01 

4.1(1 
3.86 

4.02 
3.78 

3.94 
3.70 

3.86 
3.62 

3.78 
3.54 

3.69 
3.45 

3.60 
3.36 

.. 13 9.07 6.70 5.14 5.21 4.86 4.62 4.44 4.30 4.19 . 4.10 3.96 3.82 3.66 3.59 3.51 3,43 3.34 3.25 3.17 

·114 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 3.94 3.80 3.66 3.51 3.43 3.35 3.27 3.18 3.09 3.00 

g 8.68 6.36 5,42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.67 3.52 3.37 . 3.29 3.21 3.13 3.OS 2.96 2.87 
~ 16 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89' 3.78 3.69 3.55 3.41 3.26 3.18 3.10 3.02 2.93 2.84 2.75 
~ 17 8,40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.46 3.31 3.16 3.08 3.00 2.92 2.83 2.75 2.65 
.8 18 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60 3.51 3.37 3.23 3.08 3.00 2.92 2.84 2.75 2.66 2.57 
e 19 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43 3.30 3.15 3.00 2.92 2.84 2.76 2.67 2.58 2.49 

] 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 3.23 3.09 2.94 2.86 2.78 2.69 2.61 2.52 2.42 
'15 21 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40 3.31 3.17 3.03 2.88 2.80 2.72 2.64 2.55 2.46 2.36 

i 22 
23 
24 

7.95 
7.88 
7.82 

5.72 
5.66 
5.61 

4.82 
4.76 

4.72 

4.31 
4.26 
4.22 

3.99 
3.94 
3.90 

3.76 
3.71 
3.67 

3.59 
3.54 
3.50 

3.45 
3.41 
3.36 

3.35 
3.30 
3.26 

3.26 
3.21 
3.17 

3.12 
3.07 
"3.03 

2.98 
2.93 
2.89 

2.83 
2.78 
2.74 

2.75 
2.70 
2.66 

2.67 
2.62 
2.58 

258· 
2.54 
2.49 

2.50 
2.45 
2.40 

2.40 
2.35 
2.31 

2.31 
2.26 
2.21 

7.77 5.57 4:68 4.18 3.85 3.63 3.46 3.32 3.22 3.13 2.99 2.85 2.70 2.62 2.54 2.45 2.36 2.27 2.17 
26 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 2.96 2.81 2.66 2.58 2.50 2.42 2.33 2.23 2.13 
27 7.68 5.49 4.60 4.11 3.78 356 3.39 3.26 3.15 3.06 2.93 2.78 2.63 2.55 2.47 2.38 2.29 2.20 2.10 
28 7.64 5.45 4.57 4.07 3.75 353 3.36 3.23 3.12 3.03 2.90 2.75 2.60 2.52 2.44 2.34 2.26 2.17 2.06 
29 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09 3.00 2.87 2.73 2.57 2.49 2.41 2.33 2.23 2.14 2.03 

7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.84 2.70 2.55 2.47 2.39 2.30 2.21 2.11 2.01 
40 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.66 2.52. 2.37 2.29 2.20 2.11 2.02 1.92 1.80 
60 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.50 2.35 2.20 2.12 2.03 1.94 1.84 1.73 1.60 

120 6.85 4.79 3.95 3,48 3.17 2.96 2.79 2.66 2.56 2.47 2.34 2.19 2.03 1.95 1.86 1.76 1.66 1.53 1.38 

'" 6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41 2.32 2.18 2.04 1.88 L 79 1.70 1.59 1.47 1.32 1.00 

"'" ..... ~'..,.."..$..~,,-~ ...- .....~~....~'" ~''''"''''., 
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30 

IV. Percentage Points of the F Distribution (continued) 

FO.IO••,.~, 
Degrees ofFreedom for the Numerator (v,) 

2 3 4 5 6 1 8 9 10 12 15 20 24 30 40 60 120 00 

39.86 49.50 53.59 55.83 51.24 58..20 58.91 59.44 59.86 60.19 60.71 61.22 61.74 62.00 62.26 62.S3 62.79 63.06 63.33 

2 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39 9,41 9,42 9.44 9,45 9,46 9,47 9.47 9,48 9.49 

3 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23 5.22 5.20 5.18 5.18 5.17 5.16 5.15 5.14 S.13 
4 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.79 3.78 3.76 

4.06 3.78 3.62 3.52 3.45· 3.40 3.37 3.34 3.32 3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.14 3.12 3.10 

6 3.78 3,46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 2.94 2.90 2.87 2.84 2.82 • 2.80 2.78 2.76 2.74 2.72 

7 3.59 3.26 3.07 2.96 2.88 2.83 ps 2.75 2.72 2.70 2.67 2.63 2.59 2.58 2.56 2.54 2.51 2,49 2.47 
8 3,46 3.11 2.92 2.81 2.73 2.67 2.62 20,59 2.56 2.54 2.50 2.46 2,42 2,40 2.38 2.36 2.34 2.32 2.29 

9 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2,42 2.38 2.34 2.30 2.28 2.25 2.23 2.21 2.18 2.16 

3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35 2.32 2.28· 2.24 2.20 2.18 2.16 2.13 2.11 2.08 2.06 
11 3.23 2.86 2.66 2.54 2,45 2.39 2.34 2.30 2.27 2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.03 2.00 1.97 

'? 12 3.18 2.81 2.61 2,48 2.39 2.33 2.28 2.24 2.21 2.19 2.15 2.10 2.06 2.04 2.01 1.99 1.96 1.93 1.90 

15 13 3.14 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16 2.14 2.10 2.05 2.01 1.98 1.96 1.93 1.911 1.88 1.85 

.~ 14 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.12 2.10 2.05 2.01 1.96 1.94 1.91 1.89 1.86 1.83 1.80 

g
t!i 16 

3.07 
3.05 

2.70 
2.67 

2,49 

2.46 
2.36 
2.33 

2.27 
2.24 

2.21 
2.18 

2.16 
2.13 

2.12 
2.09 

2.09 
2:06 

2.06 
2.03 

2.02 
1.99 

1.97 
1.94 

1.92· 
1.89 

1.90 

1.87 

1.87 
1.84 

1.85 

1.81 
1.82 

1.78 
1.79 
1.75 

1.76 
1.72 

.fl 17 3.03 2.64 2.44 2.31 2.22 2.15 2.10 2.06 2.03 2.00 1.96 1.91 1.86 1.84 1.81 1.78 1.75 1.72 1.69 

.E 18 3.01 2.62 2,42 2.29 2.20 2.13 2.08 2.04 2.00 1.98 1.93 1.89 1.84 1.81 1.78 1.75 1.72 1.69 1.66 

e 19 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98 1.96 1.91 1.86 1.81 1.79 1.76 1.73 1.70 1.67 1.63 

] '" 
e: 21 

2.97 
2.96 

2.59 
2.57 

2.38 
2.36 

2.25 
2.23 

2.16 
2.14 

2.09 
2.08 

2.04 
2.02 

2.00 

1.98 
1.96 

1.95 
1.94 

1.92 
1.89 
1.87 

1.84 
1.83 

1.79 
1.78 

1.77 
1.75 

1.74 
1.72 

1.71 
1.69 

1.68 
1.66 

1.64 
1.62 

1.61 
1.59 

"'n 2.95 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93 1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.64 1.60 1.57 

'23 
0 24 

2.94 
2.93 

2.55 
2.54 

2.34 
2.33 

2.21 
2.19 

2.11 
2.10 

2.05 
2.04 

1.99 
1.98 

1.96 
1.94 

1.92 
1.91 

1.89 
1.88 

1.84 
1.83 

1.80 
1.78 

1.74 
1.73 

1.72 
1.70 

1.69 
1.67 

1.66 
1.64 

\.62 
1.61 

1.59 
1.57 

1.55 
1.53 

2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89 1.87 1.82 1.77 1.72 1.69 1.66 1.63 1.59 1.56 1.52 ~ 26 2.91 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88 1.86 1.81 1.76 1.71 1.68 1.65 1.61 1.58 1.54 1.50 
27 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87 1.85 1.80 1.75 1.70 1.67 1.64 1.60 1.57 1.53 1.49 tJ 
28 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.79 1.74 1.69 1.66 1.63 1.59 1.56 1.52 1.48 fI< 
29 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86 1.83 1.78 1.73 1.68 1.65 1.62 1.58 1.55 1.51 1.47 

2.88 2,49 2.28 2.14 2.03 1.98 1.93 1.88 1.85 1.82 1.77 1.72 1.67 1.64 1.61 1.57 1.54 1.50 1.46 
40 2.84 2,44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1.71 1.66 1.61 1.57 1.54 LSI 1.47 1.42 1.38 
60 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.66 1.60 1.54 1.51 1.48 1.44 1,40 1.35 1.29 

12Q 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.60 1.55 1,48 1,45 1.41 1.37 02 1.26 1.19 0\ 
co 2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 1.60 1.55 1.49 1.42 1.38 1.34 1.30 1.24 1.17 1.00 o 

\0 

.. 




0\ o 
IV. Percentage Points of the F Distribution' 

00 

FO.25•v,.", 

'" Degrees of Freedom for the Nwnerator (VI) 

"1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 '" 
1 5.83 7.50 8.20 8.58 8.82 8.98 9.10 9.19 9.26 9.32 9041 9.49 9.58 9.63 9.67 9.71 9.76 9.80 9.85 

2 2.57 3.00 3.15 3.23 3.28 3.31 3.34 3.35 3.37 3.38 3.39 3.41 3.43 3043 3.44 3045 3.46 3047 3048 

3 2.02 2.28 2.36 2.39 2.41 2.42 2.43 2.44 2.44 2.44 2.45 2.46 2.46 2046 2.47 2.47 2.47 2047 2047 ~ 4 1.81 2.00 Ul5 2.06 un 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 

5 1.69 1.85 1.88 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.88 1.88 1.88 1.88 1.87 1.87 1.87 X 
6 1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 1.77 1.77 1.77 1.76 1.76 1.75 1.75 1.75 1.74 1.74 1.74 

7 1.57 1.70 1.72 1.72 1.71 1.71 1.70 1.70 1.70 1.69 1.68 1.68 1.67 1.67 1.66 1.66 1.65 1.65 1.65 

8 1.54 1.66 1.67 1.66 1.66 1.65 1.64 1.64 1.63 1.63 1.62 1.62 1.61 . 1.60 1.60 1.S9 1.59 1.58 1.58 

9 1.51 1.62 1.63 1.63 1.62 1.61 1.60 1.60 1.59 1.59 1.58 1.57 1.56 1.56 1.55. l.S4 1.54 1.53 1.53 

10 1.49 1.60 1.60 1.59 1.59 1.58 1.57 1.56 1.56 1.55 1.54 1.53 1.52 1.52 1.51 1.51 1.5D 1.49 1,48 

11 1.47 1.58 1.58 1.57 1.56 1.55 1.54 1.53 1.53 1.52 1.51 1.50 1.49 1.49 1.48 1.47 1.47 1.46 1.45 

". 12i 13 

1.46 
1.45 

1.56 
1.55 

1.56 
1.55 

1.55 
1.53 

1.54 
1.52 

1.53 

1.51 

1.52 

1.50 

1.51 
1.49 

1.51 
1.49 

1.50 
1.48 

1.49 
1.47 

1.48 

1046 
1.47. 
1.45 

1.46 
1.44 

1045 
1.43 

1.45 

1.42 

1.44 

1.42 

1.43 
1.4.1 

1,42 

lAO 

:l 14 1.44 1.53 1.53 1.52 1.51 1.50 1.49 1.48 1.47 1.46 1045 1.44 1.43 1.42 1.41 1.41 1.40 1.39 1.38 
·s 
~ 15 1.43 1.52 1.52 1.51 1.49 1.48 .1.47 1.46 1.46 1.45 1.44 1.43 1.41 1041 1.40 1.39 1.38 1.37 1.36 

o 16 1.42 1.51 1.51 1.50 1.48 1.47 1.46 1.45 1.44 1.44 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34 

~ 17 1.42 1.51 LSO 1.49 1.47 1.46 1.45 1.44 1.43 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34 1.33 

Jl 18 1.41 1.50 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1.42' lAO 1.39 1.38 1.37 1.36 1.35 1.34 1:33 1.32 

g 19 

1 20 

1.41 

1.40 

1.49 

1.49 

1.49 

1.48 

1.47 

1.47 

1.46 

1.45 

1.44 

1.44 

1.43 

1.43 

1.42 

1.42 

1.41 

1.41 

1.41 

1.40 

1.40 

1.39 

1.38 

1.37 

1.37 

1.36 

1.36 

1.35 

1.35 

1.34 

1.34. 

1.33 

1.33 

1.32 

1.32 

1.31 

1.30 

1.29 

~ 21 1.40 1.48 1.48 1.46 1.44 1.43 1.42 1.41 1.40 1.39 1.38 1.37 1.35 1.34 1.33 1.32 1.31 1.30 1.28 

!~ 
1.40 
1.39 

1.48 
1.47 

1.47 
1.47 

1.45 
1.45 

1.44 
1.43 

1.42 
1.42 

1.41 
1.41 

1.40 

lAO 
1.39 
1.39 

1.39 
1.38 

1.37 
1.37 

1.36 
1.35 

1.34 

1.34 

1.33 

1.33 

1.32 
1.32 

1.31 
1.31 

1.30 
1.30 

1.29 
1.28 

1.28 
1.27 

~24 1.39 1.47 1.46 1.44 1.43 1041 1.40 1.39 1.38 1.38 1.36 1.35 1.33 1.32 1.31 1.30 1.29 1.28 1.26 

25 1.39 1.47 1.46 1.44 1.42 1.41 lAO 1.39 1.38 1.37 1.36 1.34 1.33 1.32 1.31 1.29 1.28 1.27 1.25 
26 1.38 1.46 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.37 1.35 1.34 1.32 1.31 1.30 1.29 1.28 1.26 1.25 
27 1.38 1.46 1.45 1.43 1.42 1.40 1.39 1.38 1.37 1.36 1.35 1.33 1.32 1.31 1.30 1.28 1.27 1.26 1.24 
28 1.38 1.46 1.45 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.34 1.33 1.31 1.30 1.29 1.28 1.27 1.25 1.24 
29 1.38 1.45 1.45 1.43 1.41 lAO 1.38 1.37 1.36 1.35 1.34 1.32 1.31 1.30 1.29 1.27 1.26 1.25 1.23 

30 1.38 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.36 1.35 1.34 1.32 1.30 1.29 1.28 1.27 1.26 1.24 1.23 
40 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 1.33 1.31 1.30 1.28 1.26 1.25 1.24 1.22 1.21 1.19 
60 1.35 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 1.27 1.25 1.24 1.22 1.21 1.1 9 1.17 1.15 

120 1.34 1.40 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.28 1.26 1.24 1.22 1.21 1.19 1.18 1.16 1.13 1.10 
1.32 1.39 L37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 1.24 1.22 1.19 1.18 1.16 1.14 1.12 1.08 1.00 

v = degrees of freedom 


"Adapted with permission from Biometrika Tables for Statisticians, Vol. 1. 3rd edition by E. S. Pearson and H. O. Hartley, Cambridge University Press, Cambridge, 1966. 




VII. Percentage Points of the Studentb:ed Range Statistic· 
q(llll(P,f) 

p 

f 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 

90 135 164 186 202 216 227 237 246 253 260 266 . 272 272 282 286 290 294 298 
2 14.0 19.0 22.3 24.7 26.6 28.2 29.5· 30.7 31.7 32.6 33.4 31.4 34.8 35.4 36.0 36.5 37.0 37.5 37.9 
3 8.26 10.6 12.2 13.3 14.2 15.0 15.6 16.2 16.7 17.1 17.5 17.9 18.2 18.5 18.8 19.1 19.3 19.5 19.8 
4 6.51 8.12 9.17 9.96 10.6 11.1 ll.5 1l.9 12.3 12.6 12.8 13.1 13.3 13.5 13.7 13.9 14.1 14.2 14,4 
5 5.70 6.97 7.80 8.42 8.91 9.32 9.67 9.97 10.24 10.48 10.70 -10.89 11.08 11.24 11.40 11.55 11.-68 1.1.81 11.93 

6 5.24 6.33 7.03 7.56 7.97 8.32 8.61 8.87 9.10 9.30 9.49 9.65 9.81 9.95 10.08 10.21 10.32 10.43 10.54 
7 4.95 5.92 6.54 7.01 7.37 7.68 7.94 8.17 8.37 8.55 8.71 8.86 9.00 9.12 9.24 9.35 9.46 9.55 9.65 

~ 

8 4.74 5.63 6.20 6.63 6.96 7.24 7.47 7.68 7.87 8.03 8.18 8.31 8.44 8.55 8.66 8.76 8.85 8.94 9.03 
·9 4.60 5.43 5.96 6.35 6.66 6.91 7.13 7.32 7.49 7.65 7.78 7.91 8.03· 8.13 8.23 8.32 8,41 8.49 8.57 
to 4.48 5.27 5.77 6.14 6:43 6.67 6.87 7.05 7.21 7.36 7.48 7.60 7.71 7.81 7.91 7.99 8.07 8.15 8.22 

11 4.39 5.14 5.62 5.97 6.25 6.48 6.67 6.84 6.99 7.13 7.25 7.36 7.46 7.56 7.65 7.73 7.81 7.88 7.95 
12 4.32 5.04 5.50 5.84 6.10 6.32 6.51 6.67 6.81 6.94 7.06 7.17 7.26 7.36 7.44 7.52 7.59 7.66 7.73 
13 4.26 4.96 5.40 5.73 5.98 6.19 6.37 6.53 6.67 6.79 6.90 7.01 7.10 7.19 7.27 7.34 7.42 7.48 7.55 
14 4.21 4.89 5.32 5.63 5.88 6.08 6.26 6.41 6.54 6.66 6.77 6.87 6.96 7.05 7.12 7.20 7.27 7.33 7.39 
15 4.17 4.83 5.25 5.56 5.80 5.99 6.16 6.31 6.44 6.55 6.66 6.76 6.84 6.93 7.00 7.07 7.14 7.20 7.26 

16 4.13 4.78 5.19 5.49 5.72 5.92 6.08 6.22 6.35 6.46 6.56 6.66 6.74 6.82 6.90 6.97 7.03 7.09 7.15 
17 4.10 4.74 5.14 5.43 5.66 5.85 6.01 6.15 6.27 6.38 6.48 6.57 6.66 6.73 6.80 6.87 6.94 7.00 7.05 
18 4.07 4.70 5.09 5.38 5.60 5.79 5.94 6.08 0.20 6.31 6.41 6.50 6.58 6.65 6.72 6.79 6.85 6.91 6.96 
19 4.05 4.67 5.05 5.33 5.55 5.73 5.89 6.02 6.14 6.25 6.34 6.43 6.51 6.58 6.65 6.72 6.78 6.84 6.89 
20 4.02 4.64 5.02 5.29 5.51 5.69 5.84 5.97 6.09 6.19 6~ 6.37 ·6.45 6.52 6.59 6.65 6.71 6.76 6.82 

24 3.96 4.54 4.91 5.17 5.37 5.54 5.69 5.81 5.92 6.02 6.11 6.19 6.26 6.33 6.39 6.45 6.51 6.56 6.61 ~ 
30 3.89 4.45 4.80 5.05 5.24 5.40 5.54 5.65 5.76 5.85 ~~ 6.01 6.08 6.14 6.20 6.26 6.31 6.36 6.41 ~40 
60 

3.82 
3.76 

4.37 
4.28 

4.70 
4.60 

4.93 
4.82 

5.11' 
4.99 

5.27 
5.13 

5.39 
5.25 

5.50 
5.36 

5.60 
5.45 

5.69 
5.53 

~77 

5~ 

5.84 
5.67 

. 5.90 
5.73 

5.96 
5.79 

6.02 
5.84 

6.07 
5.89 

6.12 
5.93 

6.17 
5.98 

6.21 
6.02 X 

120 3.70 4.20 4.50 4.71 4.87 5.01 5.12 5.21 5.30 5.38 ~44 5.51 5.56 5.61 5.66 5.71 5.75 5.79 5.83 
00 3.64 4.12 4.40 4.60 4.76 4.88 4.99 5.08 5.16 5.23 5~ 5.35 5.40 5.45 5.49 5.54 5.57 5.61 5.65 

f = degress of' freedom. 


'From J. M. May, "Ex.tended and CorrecLed Tables of the Upper Percentage Points of the Studentized Range." Bimll/m'ika, Vol. 39, pp. 192-193. 1952. Reproduced by permission of the 
 0'\ 
N

truslees ot' Biometrika. ..... 



VII. Percentage Points of the Studentized Range Statistic (continued) 0\ 
N 

qU.ll'(P,!) N 

p 

f 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
18.1 26.7 32.8 37.2 40.5 43.1 45.4 47.3 49.1 50.6 51.9 53.2 54.3 55.4 56.3 57.2 58.0 58.8 59.6 

2 6.09 8.28 9.80 10.89 11.73 12.43 13.03 13.54 13.99 14.39 14.75 15.08 15.38 15.65 15.91 16.14 16.36 16.57 16.77 ~. 
3 4.50 5.88 6.83 7.51 8.04 8.47 . 8.85 9.18 9.46 9.72 9.95 10.16 10.35 10.52 10.69 10.84 10.98 11.12 11.24 
4 3.93 5.00 5.76 6.31 6.73 7.06 7.35 7.60 7.83 8.03 8.21 8.37 8.52 8.67 8.80 8.92 9.03 9.14 9.24 ~ 5 3.64 4.60 5.22 . 5.67 6.03 6.33 6.58 6.80 6.99 7.17 7.32 7.47 7.60 7.72 7.83 7.93 8.03 8.12 8.21 

6 3.46 4.34 4.90 5.31 '5.63 5.89 6.12 6.32 6.49 6.65 6.79 6.92 7.04 7.14 7.24 7.34 7.43 7.51 7.59 
7 3.34 4.16 4.68 5.06 5.35 5.59 5.80 5.99 6.15 6.29 6.42 6.54 6.65 6.75 6.84 6.93 7.01 7.08 7.16 
8 3.26 4.04 4.53 4.89 5.17 5.40 5.60 5.77 5.92 6.05 6.18 6.29 6.39. 6.48 6.57 6.65 6.73 6.80 6.87 
9 3.20 3.95 4.42 4.76 5.02 5.24 5.43 5.60 5.74 5.87 5.98 6.09 6.19 6.28 6.36 6.44 6.51 6.58 6.65 

10 3.15 3.88 4.33 4.66 4.91 5.12 5.30 5,46 5.60 5.72 5.83 5.93 6.03 6.12 6.20 6.27 6.34 6.41 6,47 

11 3.11 3.82 4.26 4.58 4.82 5.03 5.20 5.35 5,49 5.61 5.71 5.81 5.90 5.98 6.06 6.14 6.20 6.27 6.33 
12 3.08 3.77 4.20 4.51 4.75 4.95 5.12 5.27 5.40 .5.51 5.61 5.71 5.80 5.88 5.95 6.02 6.09 6.15 6.21 
13 3.06 3.73 4.15 4.46 4.69 4.88 5.05 5.19 5.32 5,43 5.53 5.63 5.71 5.79 5.86 5.93 6.00 6.06 6.11 
14 3.03 3.70 4.11 4.41 4.64 4.83 4.99 5.13 5.25 5.36 5.46 5.56 5.64 5.72 5.795.86 5.92 5.98 6.03 
15 3.01 3.67 4.08 4.37 4.59 4.78 4.94 5.08 5.20 5.31 5.40 5.49 5.57 5.65 5.72 5.79 5.85 5.91 5.96 

16 3.00 3.65 4.05 4.34 4.56 4.74 4.90 5.03 5.15 5.26 5.35 5.44 5.52 5.59 5.66 5.73 5.79 5.84 5.90 
17 2.98 3.62 4.02 4.31 4.52 4.70 4.86 4.99 5.11 5.21 5.31 5.39 5.47 5.55 5.61 5.68 5.74 5.79 5.84 
18 2.97 3.61 4.00 4.28 4.49 4.67 4.83 4.96 5.07 5.17 5.27 5.35 5.43 5.50 5.57 5.63 5.69 5.74 5.79 
19 2.96 3.59 3.98 4.26 4.47 4.64 4.79 4.92 5.04 5.14 5.23 5.32 5.39 5.46 5.53 5.59 5.65 5.70 5.75 
20 2.95 3.58 3.96 4.24 4.45 4.62 4.77 4.90 5.01 5.11 5.20 5.28 5.36 5,43 5.50 5.56 5.61 5.66 5.71 

24 2.92 3.53 3.90 4.17 4.37 4.54 4.68 4.81 4.92 5.01 5.10 5.18 5.25 5.32 5.38 5.44 5.50 5.55 5.59 
30 2.89 3.48 3.84 4.11 4.30 4.46 4.60 4.72 4.83 4.92 5.00 5.08 5.15 5.21 5.27 5.33 5.38 5.43 5.48 
40 2.86 3.44 3.79 4.04 4.23 4.39 4.52 4.63 4.74 4.82 4.90 4.98 5.05 5.11 5.17 5.22 5.27 5.32 536 
60 2.83 3.40 3.74 3.98 4.16 4.31 4.44 4.55 4.65 4.73 4.81 4.88 4.94 5.00 5.06 5.11 5.15 5.20 5.24 

120 2.80 3.36 3.69 3.92 4.10 4.24 4.36 4.47 4.56 4.64 4.71 4.78 4.84 4.90 4.95 5.00 5.04 5.09 5.13 
OQ 2.77 3.32 3.63 3.86 4.03 4.17 4.29 4.39 4.47 4.55 4.62 4.68 4.74 4.80 4.84 4.98 4.93 4.97 5.01 
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VIII. Critical Values for Dunnett's Test for Comparing Treatments with a Control" 
do.os(a - 1./) 

1\vo-Sided Comparisons 

a-I Number of Treatment Means (excluding control) 

f 2 3 4 5 6 7 8 9 

5 2.57 3.03 3.29 3.48 3.62 3.73 3.82 3.90 3.97 
6 2.45 2.86 3.10 3.26 3.39 3.49 3.57 3.64 3.71 
7 2.36 2.75 2.97 3.12 3.24 3.33 3.41 3.47 3.53 
8 2.31 2.67 2.88 3.02 3.13 3.22 3.29 3.35 3.41 
9 2.26 2.61 2.81 2.95 3.05 3.14 3.20 3.26 3.32 

10 2.23 2.57 2.76 2.89 2.99 3.07 3.14 3.19 3.24 
11 2.20 2.53 2.72 2.84 2.94 3.02 3.08 3.14 3.19 
12 2.18 2.50 2.68 2.81 2.90 2.98 3.04 3.09 3.14 
13 2.16 2.48 2.65 2.78 2.87 2.94 3.00 3.06 3.10 
14 2.14 2.46 2.63 2.75 2.84 2.91 2.97 3.02 3.07 

15 2.13 2.44 2.61 2.73 2.82 2.89 2.95 3.00 3.04 
16 2.12 2.42 2.59 2.71 2.80 2.87 2.92 2.97 3.02 
17 2.11 2.41 2.58 2.69 2.78 2.85 2.90 2.95 3.00 
18 2.10 2.40 2.56 2.68 2.76 2.83 2.89 2.94 2.98 
19 2.09 2.39 2.55 2.66 2.75 2.81 2.87 2.92 2.96 

20 2.09 2.38 2.54 2.65 2.73 . 2.80 2.86 2.90 2.95 
24 2.06 2.35 .1..5L 2.61 2.70 2.76 2.81 2.86 2.90 
30 2.04 2.32 2.47 2.58 2.66 2.72 2.77 2.82 2.86 
40 2.02 2.29 2.44 2.54 2.62 2.68 2.73 2.77 2.81 
60 2.00 2.27 2.41 2.51 2.58 2.64 2.69 2.73 2.77 

120 1.98 2.24 2.38 2.47 2.55 2.60 2.65 2.69 2.73 
C1:) 1.96 2.21 2.35 2.44 2.51 2.57 2.61 2.65 2.69 

do.OI(a - Iff) 
1\vo-Sided Comparisons 

a - I = Number of1.l:e'atment Means (excluding control) 

f 2 3 4 5 6 7 8 9 

5 4.03 4.63 4.98 5.22 5.41 5.56 5.69 5.80 5.89 
6 3.71 4.21 4.51 4.71 4.87 5.00 5.10 5.20 5.28 
7 3.50 3.95 4.21 4.39 4.53 4.64 4.74 4.82 4.89 
8 3.36 3.77 4.00 4.17 4.29 4.40 4.48 4.56 4.62 
9 3.25 3.63 3.85 4.01 4.12 4.22 4.30 4.37 4.43 

10 3.17 3.53 3.74 3.88 3.99 4.08 4.16 4.22 4.28 
11 3.11 3.45 3.65 . 3.79 3.89 3.98 4.05 4.11 '4.16 
12 3.05 3.39 3.58 3.71 3.81 3.89 3.96 4.02 4.07 
13 3.01 3.33 3.52 3.65' 3.74 3.82 3.89 3.94 3.99 
14 2.98 3.29 3.47 3.59 3.69 3.76 3.83 3.88 3.93 

15 2.95 3.25 3.43 3.55 3.64 3.71 3.78 3.83 3.88 
16 2.92 3.22 3.39 3.51 3.60 3.67 3.73 3.78 3.83 
17 2.90 3.19 3.36 3.47 3.56 3.63 3.69 3.74 3.79 
18 2.88 3.17 3.33 3.44 3.53 3.60 3.66 3.71 3.75 
19 2.86 3.15 3.31 3.42 3.50 3.57 3.63 3.68 3.72 

20 2.85 3.13 3.29 3.40 3.48 3.55 3.60 3.65 3.69 
24 2.80 3.07 3.22 3.32 3.40 3.47 3.52 3.57 3.61 
30 2.75 3.01 3.15 3.25 3.33 3.39 3.44 3.49 3.52 
40 2.70 2.95 3.09 3.19 3.26 3.32 3.37 3.41 3.44 
60 2.66 2.90 3.03 3.12 3.19 3.25 3.29 3.33 3.37 

120 2.62 2.85 2.97 3.06 3.12 3.18 3.22 3.26 3.29 
C1:) 2.58 2.79 2.92 3.00 3.06 3.11 3.15 3.19 3.22 

f = degrees of freedom. 


'Reproduced with pemrission from C. W. Dunnett, "New Tables for Multiple Comparison with a Control," Blomet· 

rics, VoL 20, No.3, 1964. and from C. W. Dunnett, "A Multiple Comparison Procedure for Comparing Several 

Treatments with a Control." Journal ofthe American Statistical Association. Vol. 50, 1955. 





