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Question 1 

Suppose that a manufacturer of electronic golf carts is interested in the resistance to wear of four brands 
ofball bearings. He decides to test the bearings under actual conditions ofuse, rather than in laboratory 
simulation. Four golf carts are used in the experiment. Wear is measured by decrease in weight of the ball 
bearing after 50 hours of use. One ball bearing is required for each wheel of a golf cart; 16 ball bearings 
(4 ofeach brand) are used in the experiment. Suppose that the data were obtained using the Latin Square 
Design with rows representing wheel positions (in the order right front, left front, right rear, left rear), 
columns representing golf carts and treatments representing brands of ball bearings. Is there any evidence 
that the brands of ball bearing differ in resistance to wear? Use alpha = 0.05. 

Wheel Position 

1 
2 
3 
4 

Golf Carts 
I II III IV 

B=3 C=1 D=-2 A= 1 
A=2 B=-1 C=-3 D=-3 
D=O A=4 B=-2 C=-4 
C= 1 D=-l A=l B =-5 

(20 marks) 

Question 2 

A router is used to cut locating notches on a printed circuit board. The vibration level at the surface of the 
board as it is cut is considered to be a major source ofdimensional variation in the notches. Two factors 
are thought to influence vibration: bit size (A) and cutting speed (B). Two bit sizes (1.1 and 1.5 mm) and 
two speeds (60 and 110 rpm) are selected and four boards are cut at each set of conditions shown below. 
The response variable is vibration measured as a resultant vector of three accelerometers (x, y and z) on 
each test circuit board. 

Treatment Replicate 
A B Combination I II III IV 

(1) 18.2 18.9 12.9 14.4 
+ a 27.2 24.0 22.4 22.5 

+ b 15.9 14.5 15.1 14.2 
+ + ab 41.0 43.9 36.3 39.9 

(a) Analyse the data from this experiment (15 marks) 
(b) Draw the AB interaction plot. Interpret this plot. What levels of bit size and speed would you 

recommend for routine operation? (5 marks) 
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Question 3 

An industrial engineer employed by a beverage bottler is interested in the effects oftwo different types of 
bottle (glass and plastic) on the time taken to deliver 12-bottle cases of the product. Two workers are used 
to perform the task consisting of moving 40 cases of the product 400 metres on a standard truck. Two 
replicates of a 22 factorial design are performed, and the times observed are listed in the following table: 

Worker 
Bottle Type 1 2 
Glass 5.12 6.65 

4.98 6.24 
Plastic 4.95 5.28 

4.43 4.91 

Estimate the effects of bottle type (B) and worker (W) and the BW interaction from the experiment. List 
the ANOVA table and interpret the results. (20 marks) 

Question 4 

A beer manufacturing company is interested in obtaining more uniform fill heights in the bottles produced 
by the manufacturing process. The process engineer can control three variables during the filling process: 
the per cent carbonation (A), operating pressure in the filler (B) and the line speed (C). For purposes of 
the experiment carbonation is controlled at two levels: 10 and 12 per cent; the two pressure levels chosen 
are: 25 and 39 psi and two levels of line speed are 200 and 250 bpm. The 23 factorial design with two 
replicates is shown below: 

Coded Factors Fill Height Deviation Factor Levels 
Run A B C Replicate 1 Replicate 2 Low (-1) High (+1) 
1 -3 -1 A(%) 10 12 
2 + 0 1 B (psi) 25 30 
3 + -1 0 C (b/m) 200 250 
4 + + 2 3 
5 + -1 0 
6 + + 2 1 
7 + + 1 1 
8 + + + 6 5 

Analyse the data from this experiment. Which factors significantly affect fill height deviation? 
(20 marks) 

Question 5 

Consider the fill height deviation experiment outline in Question 4 above. Suppose the only four runs 
could be made on each shift. Set up a design with ABC confounded in replicate 1 and AC confounded in 
replicate 2. Analyse the data and comment on your findings. (20 marks) 

END OF EXAM 
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III. Percentage Points of the X' Distribution' 

~ .995 .990 .975 .950 .500 .050 .025 .010 .005 

1 0.00 + 0.00'+ 0.00+ 0.00+ 0.45 384 5.D2 6.63 7.88 
"'2 o'ln 0:02 0.05 0.10 1.39 5.99 7.38 9.21 10.60 
3 
4 

0.07 

0.21 

0.11 

0.30 

0.22 

0.48 
0.35 

0.71 

2.37 

3.36 

7.81, 
9.49 

9.35 
11.14 

11.34 

13.28 
12.84 
14.86 

5 0041 0.55 0.83 1.15 4.35 11.07 12.38 15.09 16.75 

6 0.68 0.87 1.24 1.&,:1­ 5.35 12.59 14.45 16.81 18.55 
7 0.99 1.24 1.69 2.17 6.35 14.07 16.01 18.48 20.28 
8 1.34 1.65 2.18 2.73 7.34 15.51 17.53 20.09 21.96 

9 1.73 2.09 2.70 3.33 8.34 16.92 19.02 21.67 23.59 
10 2.16 2.56 3.25 3.94 9.34 18.31 20.48 23.21 25.19 

11 2.60 3.05 3.82 4.57 10.34 19.68 21.92 24.72 26.76 
12 3.07 3.57 4.40 5.23 11.34 21.03 23.34 26.22 28.30 
13 3.57 4.11 5.01 5.89 12.34 22.36 24.74 27.69 29.82 
14 4.07 4.66 5.63 6.57 13.34 23.68 26.12 29.14 31.32 
15 4.60 5.23 6.27 7.26 14.34 25.00 27.49 30.58 32.80 

16 5.14 5.81 6.91 7.96 15.34 26.30 28.85 32.00 34.27 
17 5.70 6.41 7.56 8.67 16.34 27.59 30.19 33.41 35.72 
18 6.26 7.01 8.23 9.39 17.34 28.87 31.53 34.81 37.16 
19 6.84 7.63 8.91 10.12 18.34 30.14 32.85 36.19 38.58 
20 7.43 8.26 9.59 10.85 19.34 31.41 34.17 37.57 40.00 

25 
30 

10.52 

13.79 

11.52 

14.95 
13.12 
16.79 !~: 18.49 

24.34 

29.34 

37.65 
43.77 

40.65 

46.98 

44.31 

50.89 
46.93 
53.67 

40 20.71 22.16 24.43 26.51 39.34 55.76 59.34 63.69 66.77 
50 27.99 29.71 32.36 34.76 49.33 67.50 71.42 76.15 79.49 
60 35.53 37.48 40.48 43.19 59.33 79.08 83.30 88.38 91.95 

70 43.28 45.44 48.76 51.74 69.33 90.53 95.02 100.42­ 104.22 
80 51.17 53.54 57.15 60.39 79.33 101.88 106.63 112.33 116.32 
90 59.20 61.75 65.65 69.13 89.33 113.14 118.14 124.12 128.30 

100 67.33 70.06 74.22 77.93 99.33 124.34 129.56 135.81 140.17 

II = degrees of freedom 


'Adapted with permission from Biometrika Tables/or Statisticians, Vol. 1, 3rd edition by E. S. Pearson and H. O. 

Hartley, Cambridge University Press, Cambridge, 1%6. 
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IV. Percentage Points of the F Distribution" 

00 

FO•25,v"v, 

'" Degrees of Freedom for the Numerator (v,) 

J.'-z 2 3 4 5 6 7 9 10 12 15 20 24 30 40 60 120 '" 
5.83 7.50 8.20 8.58 8.82 8.98 9.10 9.19 9.26 9.32 9.41 9.49 9.58 9.63 9.67 9.71 9.76 9.80 9.85 

i 
> 

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 3.43 3.44 3.45 3.46 3,47 3.48 "'" 3 2.02 2.28 2.36 2.39 2.11 2.12 2.13 2.14 2.44 2.44 2.45 2.16 2.46 2.46 2.47 2.47 2.47 2.17 2.47 

4 1.81 2.00 2.05 2.06 2.07 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 
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 1.59 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 1.54 1.54 1.53 1.53 

10 10'19 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 1.50 l'.49 1,48 

1A7 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 {.46 1.45 

;;-' 12 146 1.56 1.56 1.55 1.54 1.53 1.52 1.51 1.51 1.50 1.49 1.48 1.47 1.46 1.45 1.45 1.44 1.43 1.42 

1.'~5 1.55 1.55 1.53 1.52 1.51 1.50 1.49 1.49 1.48 1.47 1.46 1.4.5 1.44 1.43 1.42 1.42 1.41 1.40 
~ 1'1 1.44 1.53 1.53 1.52 1.51 1.50 1.49 1.48 1.47 1.46 1.15 1.44 1.43 1.42 1.41 1.41 lAO 1.39 1.38 

.~ 15 

o 13 

1.43 1.52 1.52 1.51 1.49 1.18 1.47 1.46 1.46 1.45 1.44 1.43 1.41 1.41 1.40 1.39 1.38 1.37 1.36 

8 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 

Jl 17 1.42 1.51 1.50 1.49 1.47 1.46 1.15 1.44 1.43 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34 1.33 

.£ 18 1.41 1.50 1.49 1.18 1.46 1.45 1.44 1.43 1.42 1.42 1.40 1.39 1.38 1.37 1.36 1.35 1.34 1.33 1.32 

§ 19 1.41 1.49 1.49 1.17 1.46 1.44 1.43 1.42 1.41 1.41 1.40 1.38 1.37 1.36 1.35 1.34 1.33 1.32 1.30 
t 

~ 20 1.40 1.49 1.48 1.47 1.45 1.44 1.43 1.42 1.41 1.40 1.39 1.37 1.36 1.35 1.34 1.33 1.32 1.31 1.29 


~ 21 lAO L48 1.48 1.46 1.44 1.43 1.42 1.11 lAO 1.39 1.38 1.37 1.35 1.34 1.33 1.32 1.31 1.30 1.28 

o 
~ 22 lAO 1.18 1.47 1.45 1.44 1.42 1.41 lAO 1.39 1.39 1.37 1.36 1.34 1.33 1.32 1.31 1.30 1.29 1.28 


t;ij 23 1.39 1.47 1.47 1.45 1.43 1.42 1.41 lAO 1.39 1.38 1.37 1.35 1.34 1.33 1.32 1.31 1.30 1.28 1.27 

Ci" 24 1.39 1.47 1.46 1.44 1.43 1.41 lAO 1.39 1.38 1.38 1.36 1.35 1.33 1.32 1.31 1.30 129 1.28 1.26 


25 139 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 lAO 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 1.30 129 1.28 1.27 12.5 1.24 

29 1.38 1.45 1.45 1.43 1.41 1.40 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 
60 135 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 127 1.25 1.24 1.22 1.21 1.19 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 Ll6 1.13 LlO 

1.32 1.39 1.37 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"" 

JJ degrees of freedom 

"Adopted wilh permission from Biometrika TablesJor Statisticians, Vol. I, 3rd edition by E. S. Pearson and H. O. Hartley, Camblidge University Press, Cambridge, 1966. 
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IV. Percentage Points of the F Distribution (continued) 
FO.IO•• , •• , 

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

39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86 60.19 60.71 61.22 61.74 62.00 62.26 62.53 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 9.41 9.47 9.48 9.49 
3 5.54 5.46 5,39 5.34 5.31 5.28 5.21 5.25 5.24 5.23 5.22 5.20 5.18 5.18 5.11 5.16 5.15 5.14 5.13 
4 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92 3.90 3.81 3.84 3.83 3.82 3.80 3.79 3.18 3.76 

4.06 3.78 3.62 3.52 3,45 3.40 3.31 3.34 3.32 3.30 3.21 3.24 3.21 3.19 3.11 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 2.81 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 2.78 2.75 2.12 2.70 2.61 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 2.13 2.67 2.62 2.59 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 

10 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 2.21 2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.03 2.00 1.97 

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 

'i 13 3.14 2.16 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 1.90 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 

£' 12 

.~ 15 3.07 2.70 2.49 2.36 2.21 2.21 2.16 2.12 2.09 2.06 2.02 1.97 1.92 1.90 1.87 1.85 1.82 1.79 1.76 

~ 16 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.06 2.03 1.99 1.94 1.89 1.81 1.84 1.81 1.78 1.15 1.12 

.5 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 

.2 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 1.12 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 
o 
'0
!l 20 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 1.94 1.89 1.84 1.79 1.77 1.14 1.71 1.68 1.64 1.61 

E: 21 2,96 2.57 2.36 2.23 2.14 2.08 2.02 1.98 1.95 1.92 1.81 1.83 1.78 1.75 1.12 1.69 1.66 1.62 1.59 
~ 22 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 1.13 1.70 1.61 1.64 1.60 1.51 

~o 23 2.94 2.55 2.34 2.21 2.11 2.05 1.99 1.96 1.92 1.89 1.84 1.80 . 1.74 1.12 1.69 1.66 1.62 1.59 1.55 
8 24 2,93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.83 1.78 1.13 1.70 1.67 1.64 1.61 1.57 1.53 

25 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89 1.87 1.82 1.11 1.12 1.69 1.66 1.63 1.59 1.56 l.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 2.11 2.07 2.00 1.95 1.91 1.87 1.85 1.80 1.75 1.70 1.67 1.64 1.60 1.51 1.53 1.49 t::;I..... 
28 2,89 2.50 2,29 2.16 2.06 2.00 1.94 1.90 1.81 1.84 1.79 1.74 1.69 1.66 1.63 1.59 1.56 1.52 1.48 :><: 
29 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86 1.83 1.78 1.13 1.68 1.65 1.62 1.58 1.55 1.51 1.41 

30 2.88 2.49 2.28 2.14 2.03 1.98 1.93 1.88 1.85 1.82 1.77 1.12 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 1.81 1.83 1.79 1.76 1.11 1.66 1.61 1.57 1.54 1.51 1.47 1.42 1.38 
60 2.79 2.39 2.18 2.04 1.95 1.81 1.82 1.71 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 1.71 1.72 1.68 1.65 1.60 1.55 1.48 1,45 1,41 1.31 1.32 1.26 1.19 
 0\ 
2.71 2.30 2.08 1.94 1.85 1.71 1.12 1.67 1.63 1.60 1.55 1.49 1.42 1.38 1.34 1.30 1.24 Ll7 1.00 o 

\0 
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IV. Percentage Points of the F Distribution (continued) 
Fo.os.••.•, 

CJ'. 
./,....l 

"ci 

", Degrees of Freedom for the Numerator (11,) 

I'::! 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 '" 
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 13.51 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 

14 
[O.D 
7.71 

9.55 
6.94 

9.28 
6.59 

9.12 9.01 
6.26 

8.94 
6.16 

8.89 
6.09 

8.85 
6.04 

8.8J 
6.00 

8.79 
5.96 

8.74 
5.91 

8.70 
5.86 

8.66 
5.80 

8.64 
5.77 

8.62 
5.75 

8.59 
5.72 

8.57 
5.69 

8.55 
5.66 

8.53 
5.63 

>­
'? 
:'i'j 
'~ 

6 

7 

6.61 
5.99 
5.59 

5.79 
5.14 
4.74 

5.41 
4.76 
4.35 

5.19 
4.53 
4.12 

5.05 
4.39 
3.97 

4.95 
4.28 
3.87 

4.88 
4.21 
3.79 

4.82 
4.15 
3.73 

4.77 
4.10 
3.68 

4.74 
4.06 
3.64 

4.68 
4.00 
3.57 

4.62 
3.94 
3.51 

4.56 
3.87 
3.44 

4.53 
3.84 
3.41 

4.50 
3.81 
3.38 

4.46 
3.77 
3.34 

4.43 
3.74 
3.30 

4.40 
3.70 
3.27 

4.36 
3.67 
3.23 

S 
;;< 

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 
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 

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 
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 

7 1 12 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80 2.75 2.69 2.62 2.54 2.51 2.47 2.43 2.38 2.34 2.30 

~ 13 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 2.67 2.60 2.53 2.46 2.42 2.38 2.34 2.30 2.25 2.21 

1'! 14 4.60 3.74 3.34 3~11 2.96 2.85 2.76 2.70 2.65 2.60 2.53· 2.46 2.39 2.35 2.31 2.27 2.22 2.18 2.13 

.~ 
" 

4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.48 2.40 2.33 2.29 2.25 2.20 2.16 2.11 2.07 
C5 16 4,49 3.63 3.2~ 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 
cS 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 
..8 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 
S 19 4,33 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 US 
o 

] 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 
t:: 21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37 2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.92 1.87 1.81 
o 
~ 22 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.23 2.15 2.07 2.03 1.98 1.94 1.89 1.84 1.78 

oil 23 4.23 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 LSI 1.76 
C5 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 Ul4 1.79 1.73 

'1.24 3.39 2.99 2.16 2.60 2.49 2.40 2.34 2.28 2.24 2.16 2.09 2.01 1.96 1.92 1.87 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 2.95 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 2.18 2.10 2.03 1.94 1.90 1.85 1.81 1.75 1.70 1.64 

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 
3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.75 1.6'7 157 1.52 1.46 1.39 1.32 1.22 1.00 

... "',......~ ..."'..,....~- .. ,.~.--~.--,-.~,..,-....-" .."'....."-....... ,.__....,----_......, .._, ...._-"",._----­
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IV. Percentage Points of the F Distribution (continued) 
Fo.l)2S,v"", 

Degrees ofFreedonl for the Numerator (",) 

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

1 647.3 799.5 864.2 899.6 921.8 937.1 948.2 956.7 963.3 968.6 976.7 984.9 993.1 997.2 1001 1006 1010 1014 1018 

2 38,51 39.00 39,17 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 

17.4i 16.04 15.44 15.10 14.88 14.73 14.62 14.54 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 

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.S1 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 5.07 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 4.3.'1 4.25 4.20 4.14 

8 7.57 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 

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 

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 

'i3 6.41 497 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 
,,' 12 

13 
1ij 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 
'8
§ 6.20 4,77 4.15 3.80 3.58 3.413.29 3.20 3.12 3.06 2.96 2.86 2.76 2.70 2.64 2.59 2.52 2.46 2.40 

A 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 
0)= 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 

.8 13 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.;1.6 2.19 

§ 19 5.92 4.51 3.90 3.56 3.33 3.17 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 
'E
J; 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 

'15 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 

~ 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 
~o 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 

Cl 
24 5.72 4.32 3.72 3.38 3.15 2,99 2.87 2:78 2.70 2.64 2.54 2M 2.33 2.27 2.21 2.15 2.08 2.01 1.94 

)­
'"d5.6') 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 C1 
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 ~ 
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 

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 5.2~ 3.93 3.34 3.01 2.79 2.63 2.51 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. J5 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\ 
co 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 >-' 

...... 
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IV. Percentage Points of the F Distribution (continued) 	 0'\ ..... 
N 

Degrees of Freedom for tile Numerator (v,) 

v, 2 3 4 567 8 9 10 12 15 20 24 30 40 60 120 00 

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 27.05 26.87 26.69 26.00 26.50 26.41 26.32 26.22 26.13 0" 
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 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.72 7.56 7.40 7.31 7.23 7.14 7.06 6.97 6.88 o 
7 	 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.47 6.31 6.16 6.07 5.99 5.91 5.82 5.74 5.65 ~ 

126 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 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.40 4.25 4.10 4.02 3.94 3.86 3.78 3.69 :l.60 


§ 12 9.33 6.93 5,95 5.41 5.06 4.82 4.64 4.50 4.39 4.30 4.16 4.01 3.86 3.78 3.70 3.62 3.54 3.45 3.36 

a 13 9.07 6.70 5.74 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 

]j1 14 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

'8 
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 3.05 2.96 2.87 
o'" 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 
-E 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 
J3 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 
g 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 

1 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 

'0 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 
:(J 22 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.12 2.98 2.83 2.75 2.67 2.58 2.50 2.40 2.31 
"So 23 7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.30 3.21 3.07 2.93 2.78 2.70 2.62 2.54 2.45 2.35 2.26 
A 24 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.03 2.89 2.74 2.66 2.58 2.49 2.40 2.31 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 3.56 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 3.53 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 1.79 1.70 1.59 1.47 1.32 1.00 
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VII. Percentage Points of the Studentized Range Statistic" 
QO.Ol(P,j) 

p 

f 2 3 4 5 6 T 8 9 10 11 12 13 14 15 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 11.5 11.9 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 11.81. 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 $.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 

10 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 

16 

4.17 

4.13 

4.83 

4.78 

5.25 

5.19 

5.56 

5.49 

5.80 

5.72 

5.99 

5.92 

6.16 

6.08 

6,31 

6.22 

6.44 

6.3~ 
6.55 

6.46 

6.66 

6.56 

6.76 

6.66 

6.84 

6.74 

6.93 

6.82 

7.00 

6.90 

7.07 

6.97 

7.14 

7.03 

7.20 

7.09 

7.26 

7.15 
i '. 

17 4.10 4.74 5.14 5.43 5.66 5.85 6.01 6.15 6.27 6,~8 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 6.20 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 6.29 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 "':j,..u 
30 
40 
60 

3.89 
3.82 
3.76 

4.45 
4.37 
4.28 

4.80 
4.70 
4.60 

5.05 
4.93 
4.82 

5.24 
5.11 
4.99 

5.40 
5.27 
5.13 

5.54 
5.39 
5.25 

5.65 
5.50 
5.36 

5.76 
5.60 
5.45 

5.85 
5.69 
5.53 

5.93 
5.77 
5.60 

6.01 
5.84 
5.67 

6.08 
5.90 
5.73 

6.14 
5.96 
5.79 

6.20 
6.02 
5.84 

6.26 
6.07 
5.89 

6.31 
6.12 
5.93 

6.36 
6.17 
5.98 

6,41 
6.21 
6.02 

~ 
4, 

t:J,..,
:;...; 

120 3.70 4.20 4.50 4.71 4.87 5.01 5.12 5.21 5.30 5.38 5.44 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 5.29 5.35 5.40 5.45 5.49 5.54 5.57 5.61 5.65 

f = dcgress of freedom. 

'From 1. M. May, "Extended and COITected Tables of the Upper Percentage Points of the Stlldentized Range," Biometrika, Vol. 39, pp. 192-193, 1952. Reproduced by pennission of the Q.
to..) 

trllstees of H.iometrika. ~ 



VII. Percentage Points of the Studentized Range Statistic (continued) 	 (;h 
I~) 

qo.os(p.f) 	 G 

p 


f 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


1 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 >­:g3 4.50 5.88 6.83 7.5-1 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 !;JJ 

~~!"'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 e:­
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 X i 
6 3.46 '1.34 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 I 
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 I 
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 5.79 5.86 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 5.36 
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 
co 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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VllI. Critical Values for Dunnett's Test for Comparing Treatments with a Control" 

do.os(a - 1,f) 


1\vo-Sided Comparisons 


a.r- 1 = Number of Treatment Means (excluding control) 

1 2 3 4 5 6 7 8 

5 2.57 3.03 3.29 3.48 3.62 3.73 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 2.51 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 
co 1.96 2.21 2.35 2.44 2.51 2.57 2.61 2.65 2.69 

do.ol(a - I./) 
Two-Sided ComparisOIls 

a 1 = Number ofTreatment Means (excluding control) 

2 4 5 6 7 8 

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 3.6~ 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 
00 2.58 2.79 2.92 3.00 3.06 3.11 3.15 3.19 3.22 

,",L.:~'~"."

f = degrees of freedom. 


'Reproduced with peJmission from C. W. Dunnett. "New Tables for MUltiple Comparison with a Control," Biomet­
rics, Vol. 20, l'!.<;J~~3.. 1964, and from C. W. Dunnett, "A Multiple Comparison Procedure for Comparing Several 

Treatments with a Control," Journal of the American Statistical Association, Vol. 50, 1955. 
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VIII. Critical Values for Dunnett's Test for ComparinE Treatments with a Control (continued) 

do.os(a - 1,]) 


One-Sided Comparisons 


a 1 = Number of Treatment Means (excluding control) 

2 3 4 5 6 7 8 9 

5 2.02 2.44 2.68 2.85 2.98 3.08 3.16 3.24 3.30 
6 1.94 2.34 2.56 2.71 2.83 2.92 3.00 3.07 3.12 
7 1.89 2.27 2.48 2.62 2.73 2.82 2.89 2.95 3.01 
8 1.86 2.22 2.42 2.55 2.66 2.74 2.81 2.87 2.92 
9 1.83 2.18 2.37 2.50 2.60 2.68 2.75 2.81 2.86 

10 1.81 2.15 2.34 2.47 2.56 2.64 2.70 2.76 2.81 
11 1.80 2.13 2.31 2.44 2.53 2.60 2.67 2.72 2.77 
12 1.78 2.11 2.29 2.41 2.50 2.58 2.64 2.69 2.74 
13 1.77 2.09 2.27 2.39 2.48 2.55 2.61 2.66 2.71 
14 1.76 2.08 2.25 2.37 2.46 2.53 2.59 2.64 2.69 

15 1.75 2.07 2.24 2.36 2.44 2.51 2.57 2.62 2.67 
16 1.75 2.06 2.23 2.34 2.43 2.50 2.56 2.61 2.65 
17 1.74 2.05 2.22 2.33 2.42 2.49 2.54 2.59 2.64 
18 1.73 2.04 2.21 2.32 2.41 2.48 2.53 2.58 2.62 
19 1.73 2.03 2.20 2.31 2.40 2.47 2.52 2.57 2.61 

20 1.72 2.03 2.19 2.30 2.39 2.46 2.51 2.56 2.60 
2.4 1.71 2.01 2.17 2.28 2.36 2.43 2.48 . .2.53 2.57 
30 1.70 1.99 2.15 2.25 2.33 2.40 2.45 2.50 2.54 
40 1.68 1.97 2.13 2.23 2.31 2.37 2.42 2.47 2.51 
60 1.67 1.95 2.10 2.21 2.28 2.35 2.39 2.44 2.48 

120 1.66 1.93 2.08 2.18 2.26 2.32 2.37 2.41 2.45 
co 1.64 1.92 2.06 2.16 2.23 2.29 2.34 2.38 2.42 

do.Ol(a - 1./) 
One-Sided Comparisons 

a-I == Number of Treatment Means (excluding control) 

2 3 4 5 6 7 8 9 

5 3.37 3.90 4.21 4.43 4.60 4.73 4.85 4.94 5.03 
6 3.14 3.61 3.88 4.07 4.21 4.33 4.43 4.51 4.59 
7 3.00 3.42 3.66 3.83 3.96 4.07 4.15 4.23 4.30 
8 2.90 3.29 3.51 3.67 3.79 3.88 3.96 4.03 4.09 
9 2.82 3.19 3.40 3.55 3.66 3.75 3.82 3.89 3.94 

10 2.76 3.11 3.31 . 3.45 3.56 3.64 3.71 3.78 3.83 
11 2.72 3.06 3.25 3.38 3.48 3.56 3.63 3.69 3.74 
12 2.68 3.01 3.19 3.32 3.42 3.50 3.56 3.62 3.67 
13 2.65 2.97 3.15 3.27 3.37 3.44 3.51 3.56 3.61 
14 2.62 2.94 3.11 3.23 3.32 3.40 3.46 3.51 3.560­

15 2.60 2.91 3.08 3.20 3.29 3.36 3.42 3.47 3.52 
16 2.58 2.88 3.05 3.17 3.26 3.33 3.39 3.44 3.48 
17 2.57 2.86 3.03 3.14 3.23 3.30 3.36 3.41 3.45 
18 2.55 2.84 3.01 3.12 3.21 3.27 3.33 3.38 3.42 
19 2.54 2.83 2.99 3.10 3.18 3.25 3.31 3.36 3.40 

20 2.53 2.81 2.97 3.08 3.17 3.23 3.29 3.34 3.38 
24 2.49 2.77 2.92 3.03 3.11 3.17 3.22 3.27 3.31 
30 2.46 2.72 2.87 2.97 3.05 3.11 3.16 3.21 3.24 
40 2.42 2.68 2.82 2.92 2.99 3.05 3.10 3.14 3.18 
60 2.39 2.64 2.78 2.87 2.94 3.00 3.04 3.08 3.12 

120 2.36 2.60 2.73 2.82 2.89 2.94 2.99 3.03 3.06 
co 2.33 2.56 268 2.77 2.84 2.89 2.93 2.97 3.00 



IX. 'Coefficients of Orthogonal Polynomials· 1­
n=3 n=4 n=5 n=6 n=7 

X PI PI p.. PI p.. "" J P2 PI P2 P3 P2 P3 P2 P3 P5 PI P2 P3 P4 Pj P6 I~ 

-1 1 -3 -1 -2 2 -1 -5 5 -5 -1 -3 5 -1 3 -1 1 


2 o -2 -1 -1 3 1 -1 2 -4 -3 -1 7 -3 5 -2 o -7 4 -6 
 I

3 1 -1 -3 o -2 o 6 -1 -4 4 2 -10 -1 -3 1 1 -5 15 

4 3 1 -1 -2 -4 -4 -4 2 10 o -4 o 6 o -20 !, 


i
5 2 2 3 -1 -7 -3 -5 1 -3 5 15 


6 5 5 5 1 2 o -1 -7 -=-4 -6 

7 3 5 3 


2 6 20 4 20 10 14 10 70 70 84 180 28 252 28 84 6 154 84 924 


10 5 35 J 1 21 1 1 1 77
!l.A 3 2 J 6" i2 2 1: J i2 iO 1 6" i2 W 60 


n=8 n=9 n = 10 


~ PI P2 P3 p.. Pj P6 PI P2 P3 p.. P, P6 PI P2 P3 P4 Pj P6 


-7 7 -7 7 -7 -4 28 -14 14 -4 4 -9 6 -42 18 -6 3 

2 -5 1 5 -13 23 -5 -3 7 7 -21 11 -17 -7 2 14 -22 14 -11 

3 -3 -3 7 -3 -17 9 -2 -8 13 -11 -4 22 -5 -1 35 -17 -1 10 

4 -1 -5 3 9 -15 -5 -1 -17 9 9 -9 1 -3 -3 31 3 -11 6 

5 -5 -3 9 15 -5 o -20 o 18 o -20 -1 -4 12 18 -6 -8 


~ 
6 3 -3 -7 -3 17 9 1 -17 -9 9 9 1 -4 -12 18 6 -8 ~ 


7 5 -5 -13 -23 -5 2 -8 -13 11 4 22 3 -3 -31 3 11 6 
~ 


~ 
8 7 7 7 7 7 3 7 -7 -21 -11 -17 5 -1 -35 -17 10 tj 


9 4 28 14 14 4 4 7 2 -14 -22 -14 -11 X 

10 9 6 42 18 6 3 


168 168 264 616 2184 264 60 2772 990 2002 468 1980 330 132 8580 2860 780 660 


2 1 7 II 5 1 3 II I 5 5 I
A 2 3 2
3" 12 ill 60 6" i2 W 60 1: 3" i2 iO 
~ 

'Adapted with permission from Biometrika Tables for Statisticialls, Vol. I, 3rd edition by E, S. Pearson and H. O. Hartley, Cambridge University Press, Cambridge, 1966. u\ 


