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Question 1 

A field trial on soya bean was conducted to compare four seed treatments with treatment control. The data 
are the number of plants, which failed to emerge out of 100 planted on each plot. . 

Blocks 

Treatment I II III IV V 
Control 8 10 12 13 11 
Arason 2 6 7 11 5 
Spargon 4 10 9 8 10 
Sameson 3 5 9 10 6 
Fermate 9 7 5 5 3 

Construct an ANOV A table and carryout an appropriate hypothesis test, multiple comparisons and draw 
up conclusions about this study. Use 5% level of significance. (20 marks) 

Question 2 

Suppose that a manufacturer of electronic golf carts is interested in the resistance to wear of four brands 
of ball 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 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 ofball bearings. Is there any 
evidence that the brands of ball bearing differ in resistance to wear? Use alpha 0.05. 

i Wheel Position Golf Carts 
I II III IV 

1 B=3 C=l D -2 A 1 
2 A 2 B -1 C=-3 D =-3 
3 D 0 A 4 B=-2 C=-4 
4 C=1 D=-l A= 1 B =-5 

(20 marks) 

2 



Page 2 of 4 

Question 3 

The following data represent the final grades obtained by 5 students in Mathematics, English, French and 
Biology: 

Subject 
Student Mathematics English French Biology 

1 68 57 73 61 
2 83 94 91 86 
3 72 81 63 59 
4 55 73 77 66 
5 92 68 75 87 

At 5 per cent level of significance, test the hypothesis that the courses are of equal difficulty. Discuss your 
findings. (20 marks) 

Question 4 

(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 5 

(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 of the four blocks. (8 marks) 
(c) In a 25 design with four blocks, the treatment combinations in the principal block are: 

(1) be ae abd bde cde acd abce 

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

END OF EXAM!! 
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606 APPENDIX 

n. Percentage Points of tho t Dilltribution' 

~ .40 .25 .10 .050 .025 .01 .005. .0025 JlQl .0005 

.325 1.000 3.078 6.3i4 12.706 31.821 63.657 127.32 318.31 636.62 

.289 .816 1.886 2.920 4.303 6.965 '9.9'1-5 14.089 23.326 31.598 

.277 .765 1.638 2.353 3.182 4.541 5.841 7.453 10.213 12.924 
2 
3 
4 .271 .741 1.533 2.132 2.776 3.747 4.604 5.598 7.173 8.610 

.267 .727 1.476 2.015 2.571 3.365 4.032 4.773 5.893 6.8695 

.265 .727 1.440 1.943 2.447 3.143 3.707 4.317 5.208 5.9596 

.263 .711 1.415 1.895 -2.365 2.998 3.499 4.019 4.785 5.4087 

.262 .706 1.397 1.860 2.306 2.896 3.355 3.833 4.501 5.0418 

.261 .703 1.383 1.833 2.262 2.821 3.250 3.690 4.297 4.7819 " .260 .700 1.372 1.812 2.228 2.764 3.169 3.581 4.144 4.58710 

.260 .697 1.363 1.796 2.201 2.118 3.106 3.497 4.025 4.43711 

.259 .695 1.356 1.782 2.179 2.681 3.055 3.428 3.930 4.31812 

.259 -.694 1.350 1.711 2.160 2.650 3.012 3.372 3.852 4.2'2113 

.258 .692 1.345 1.761 2.145 2.624 2.977 3.326 3.787 4.14014 

.258 .691 1.341 1.753 2.131 2602 2.947 3.286 3.733 4.073)5 

.258 .690 1.337 1.746 2.120 2.583 2.921 3.252 3.686 4.015 

17 
16 

.257 .689 1.333 1.740 2.110 2.567 2.898 3.222 3.646 3.965 

.257 .688 1.330 1.734 2.101 2.552 2.878 3.197 3.610 3.922i8 

.257 .688 1.328 1.729 2.iJ93 2.539 2.861 3.174 3.579 3.88319 
:257 .•687 1.325 1.725 2.086 2.528 2.845 3.153 3.552 3.85020 
.257 .686 1.323 1.721 2.080 2.518 2.831 3.135 3.527 3.81921 
.256 .686 1.321 1.717 2.074 2.508 2.819 3.119 3.505 3.79222 
.256 .685 1.319 1.714 2.069 2.500 2.807 3.104 3.485 3.76723 
.256 .685 1.318 1.711 2.064 2.492 2.797 3.091 3.467 3.74524 
.256 .684 1.316 1.708 2.060 2.485 2.787 3.078 3.450 3.72525 
.256 .684 1.315 1.706 2.056 2.479 2.779 3.067 3.435 . 3.70726 
.256 .684 1.314, L703 2.052 2.473 2.771 3.057 3.421 3.69027 
.256 .683 1.313 1.701 2.048 2.467'2,763 3.047 3.408 3.67428 
.256 .683 1.311 1.699 2.045 2.4622.756 3.038 3.396 3.65929 
.~6 .683 1.310 1.697 2.042 2.457 2.750 3.030 3.385 3.64630 
.255 .681 1.303 1.684 2.021 2.423 2.704 2.971 3.307 3.551 
.2.54 .679 1.296 1.671 2.000 2.390 .2.660 2.915 . 3.232 3.460 

40 
60 


120 
 :254 .677 1.289 1.658 1.980 2:358 2.617 2.860 3.160 3.373 
.253 .674 1.282 1.645 ;.960 2.326. 2.576 2.807 3.090 3.291 

• = degrees of fR:edom. 
'Mopted with permission from Bi."",tr!ka lOb/u far Stati.r.i<;ion.r. Vol. I, ltd edition. by Ii S. Peanon and H. O. 
Hartley, Cambridge University !'noll., Cambridge, 1966. 
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Ill. Percentage Points of tho x' Distribution' 

.995 .990~ .975 .950 .500 .050 .025 .010 .005
0.00+ 0.00 + 0.00 + 0.00 + 0.45 3.84 5.02 6.63 1.882 0.01 0.02 0.05 0.10 1.39 5.99 7.38 9.21 10.603 0.07 0.11 0.22 0.35 2.37 7.81 9.35 11.34 12.844 0.21 0.30 0.48 0.71 3.36 ~2 11.14 13.28 14.865 0.41 0.55 0.83 1.15 4.35 11.07 1238 15.09 16.756 0.68 0.87 1.24 1.6iI 5.35 12.59 14.45 16.81 18.557 0.99 1.24 1.69 .2.17 6.35 14.07 16.01 18.48 20.288 1.34 1.65 2.18 2.73 7.34 15.51 17.53 20.09 21.969 1.73 2.09 2.70 3.33 8.34 16.92 19.02 21.67 23.5910 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 26.76U 3.07 3.57 4.40 5.23 11.34 21.03 23.34 26.22 28.303.57 4.11 5.01 5.89 12.34 22.36 24.74 27.69 29.82 "M 4.07 4.66 5.63 6.57 13.34 23.68 26.12 29.14 31.32~ 4.~ 5.23 6.27 7.26 14.34 25.00 27.49 30.58 32.80
M 5.14 5.81 6.91 
 7.96 15.34 26.:10 28.85 32.00 34.27n 5.70 6.41 7.56 8.67 16.34 27.59 30.19 33.41 35.72U 6.26 7.01 8.23 9.39 17.34 28.87 31.53 34.81 37.16
~ 6.84 7.63 8.91 10.12 
 18.34 30.14 32.85 36.19 38.58W 7.43 8.26 9.59 10.85 19.34 31.41 34.17 37.57 40.00
25 10.52 11.52 13.12 fl4.6n 24.34 37.65 40.65 44.31 46.93m 13.79 14.95 16.79 bU9) 29.34 43.77 46.98 50.89 53.6740' 20.71 22.16 24.43 26.51 39.34 55.76 59.34 63.69 66.77~ 27.99 29.71 32.36 34.76 49.33 67.50 71.42 76.15 79.49~ 35.53 37.48 40.48 43.19 59.33 79.08 83.30 88.38 91.95 

~ 43.28 45.44 48.76 
 51.74 69.33 90.5:1 95.02 100.42, 104.22~ 51.17 53.54 57.15 60.39 79.33 101.88 106.63 112.33 116.3290 59.20 61.75 65.65 69.13 89.33 113.14 1\8.14 124.12 128.30100 67.33 70.06 74.22 77.93 99.33 124.34 . 129.56 135.81 140.17 

• - degrees of fr<edem 

'Mapled with pemri..iotl from BI.".trrlka lObl .. for Stalistlcfan.r. Vol. 1, 3td edition by E. S. Po....... and lL O . 
lIartley, Cambridge Univolllity Press, Cambridge. 1966. 
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lV. Percentoge Points 01 the F Distribution' 

3.15 3.28 3,37 3.41 3.43 3,44 3,45 3.47 3,48 
2.28 2.36 2.41 2.43 2.44 2,44 2.44 T.45 2.46 2,46 2.46 2.47 2,47 2.47 2.47 2.47 

1.81 2.00 2.05 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 !.is 1.88 1.89 1.119 1.89 1.89 1.89 1.89 1.89 \.89 1.89 1.88 1.88 1.88 1.118 1.81 1.87 1.81 
6 1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 I.n I.n l.n 1.76 1,76 1.75 1.75 1.75 1.74 1.74 1.74 
7 151 '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 

1.54 1.66 1.67 1.66 l.66 1.65 1.64 1.64 1.63 1.63 1.62 1.52 1.61 .1.60 1,60 1.59 1.59 1.58 l.58 
l.51 l.62 1.63 1.63 1.62 1.61 1.60 1.60 l.59 1.59 l.58 1.57 1.56 1.56 1.55 1.54 1.54 1.53 1.53 

10 1.49 1.60 1.60 1.59 1.59 l.58 151 1.56 1.56 1.55 1.54 1.53 i.52 1.52 1.51 1.51 1.50 1.49 1.48 
11 1,47 1.58 1.58 1.57 l.56 l.55 1.54 U3 1.53 1.52 1.51 1.50 1.49 1.49 lAS \.47 1.47 1.46 1.45 

'?' 12 1.46 1.56 1.56 1.55 1.54 ~.53 1.52 1.51 1.51 1.50 1.49 1.48 1.47 1.46 l.45 1,45 1.44 1.43 1.42 

i :: 
'i 1.s

! 16 

1,45 
1.44 

1.43 
1.42 

1.55 
1.53 

1.52 
1.51 

1.55 
1.53 

1.52 
1.51 

1.53 
1.52 

1.51 
1.50 

l.52 
1.51 

1.49 
1.48 

1.51 
1.50 

1.48 
1.47 

1.50 
1.49 

1.47 
1.46 

1.49 
1.48 

1A6 
1,45 

1,49 
1.47 

1.46 
1.44 

1.48 
1.46 

1,45 
1,44 

1,47 
1.45 

1,44 
1,43 

1.46 
1.44 

1.43 
1.41 

1.45 
1.43 

1.41 
1,40 

1,44 
1.42 

1.41 
1.39 

1.43 
1.41 

1.40 
1.38 

1.42 
1,41 

1.39 
1.37 

1.42 
1.40 

1.38 
1.36 

1.41 
139 

137 
1.35 

1.40 
1.38 

1.36 
1.34 

.11 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..14 1.33 
oS 18 1.41 1.50 1,49 I A8 1,46 1.45 1.44 1,4) 1,42 1,42 1.40 1.39 138 137 1.36 1.35 1..14 1.33 1.32 
a 19 1.41 1,49 1,49 1.47 1.46 1.44 1.43 1.42 1041 1.41 1.40 1.38 1.37 1.36 1.35 1.34 1.33 1.32 130 

] 20 1.40 1.49 1,48 1,47 1.45 1.44 1.43 1.42 1.41 1.40 1.39 137 1.36 1.35 1.34 1.33 1.32 1.31 1.29 

'li 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 

I~ 
lAO 
1.39 
1.39 

1,48 
1.47 
1.47 

1,47 
1,47 
1.46 

lAS 
1,45 
1.44 

1.44 
1.43 
1.43 

1.42 
1.42 
1.41 

1.41 
1.41 
1.40 

1,40 
lAO 
1.39 

1,39 
139 
1.38 

1.39 
138 
1.38 

1.37 
1.37 
1.36 

1.36 
135 
1.35 

1..14 
1.34 
1.33 

1.33 
1.33 
1.32 

1.32 
132 
131 

131 
1.31 
1.30 

1.30 
1.30 
1.29 

1.29 
1.28 
1.28 

.1.28 
1.27 
1.26 

25 1.39 . 1.47 1.46 1M 1.42 1,41 1.40 1.39 1.'S: 1.37 1.36 1..14 1.33 132 1.31 1.29 1.28 1.27 1.25 
26 1.38 1.4.1 lAS 1.44 1.42 1.41 1.39 1.38 1.37 1.37 ,l.35 1.34 1.32 131 1.30 1.29 ·1.28 1,26 1.25 

27 U8 1~ 1.45 1.43 1.42 1.40 1.39 1.38 137 1.36 1.35 133 132 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 l.2a 1.27 1.25 1.24 
29 1.38 1.45 1,45 1,43 1.41 1.40 1.38 1.37 1.36 t.:l5 1.34 1.32 131 1.30 1.29 1.27 1.2. 1,25 1.23 

30 1.38 1,4.1 1.44 1.42 1.41 1.39 1.38 1.37 1.36 135 1..14 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 1.38 1.35 1,)4 1.33 1.31 1.30 1.28 1.28 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 1.2'/ 1.25 1.24 1.22 1.21 1.19 1.17 U5 

120 1.54 1.40' 139 137 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 1.37 1.35 1.33 1.31 1.29 l.28 1,27 1.25 1.24 1.32 1.19 1,18 L16 1.14 1.12 1.08 1.00 ------------------------------------­

• - dog=s .[freedom 

"Adapted with permission from BIom.trika T.blesjfJT Stati.stlcians. Vol, 1, 3rd edition by E. S. Pearson and Ii O. Hattley, c.mbridge Univmiry Pres., Comb"idge, 1%6, 


IV. Percentage Points of the F Distribution (continued) 
v, Fo. to,.,....,. 

I't Dtcrces o(Fmedom lor tht NltlUtt'ltor (v,) 

~~--_;39~.&W6--~4;9.50~--~;_~~~_;~--~~~~7~--~8~--~9 10 12 15 20 24 30 40 60 120
8.53 9.00 5!! ~:~ ~:: ~~ 58.91 59,44 59.86 60.19 60,71 61.22 ,61.74 62.00 62.26 62.53 62.799.38 9,39 9,41 63.06 63.335.54 5,46 5.39 5.34 5.31 5.28 ~~ ;~ 9.42 9,44 9,45 9,46 9047 9,47
4,54 4,32 4.19 4.11 .,OS 4,01 3:;8 3.95 5.!& 5.18 5.17 

5.24 5.23 9.48 9,495.22 5.20 
3.94 3,92 3.90 U6 S,15 5.14 5.13.s' 3,81 3,84 3.83' 3.112 3.7&4.06 3.78 3.62 3.52 3,45 3.40 3.80 3,793.37 3,766 334 3.323.78 3.46 3.29 3,18 3,11 3.OS 3.30 3.27 3.24 3.21 3.19 3,173,01 2.98 2.96 3,16 3.14 3.12 3,103.59 3.26 3m 2.96 2.88 2.83 2.94 2.90 2.87 2.84 2.&2 2.802.78 2.782.75 2.72 2.76 2.14 2.723.46 3.11 2.92 2.81 2.73 2.67 2.70 2.61 2.63 2.59 2.58 2.56 2.542.62 2.59 3.36 2.51 2.49 2.413.36 3.01 2.81 2.69 2.61 2.55 2.54 2.50 2.46 2.42 2.40 2.382.51 2.47 2,44 2.36 234 2.32 2.292.42 2.38 2.34 2.3010 2.28 2.253.29 2.92 2.73 2,61 2.52 2.46 2.23 UI 2.18 2.1611 2.41 2.38 2.Jj 232 2.28 U4 2.203.23 2.86 2.66 2..s4 2.•.s 2.39 2.18 2.162.34 2.30 2.27 2.13 2.11 2.08? 12 3.18 2.81 2.61 2.48 2.39 2.33 2.25 2.21 2.17 2.12 

2.05 
2.06

2.10 2.08 
- 2.28 U4 2.21 2.OJ 2.00 1.972.19 u.s 2.l0 2.063.14 2.76 2.56 2.43 2.35 2.28 2.04 2.01.j 13 

14 
2.23 1.99 1.962.20 2.16 1.93 1.903.10 2.73 2.52 2.39 2.31 2.24 2.14 2.10 2.05 2.01 1.98 1.962.19 1.932.L5 2.12 190 1.88 1.852.10 2.05 2.01 1.96

l~ 
 3.(17 2.70 2.49 2.36 2.27 Ul U4 1.91 1.89 1.86 l.83
2.16 1,802.12 2.09
3,05 2.87 2.46 2.33 2.24 2.18 2.00 2.02 1.97 1.92 1.90 1.81,!I 17 2.13 2.09 2,00 1.85 1.82 1.79 1.763,OJ 2.64 2.44 2.31 2.22 2.l.s 2.03 1.99 1.94 1.89 1.87 1.84 

~ 18 2.10 2.06 2.03 1.81 1.73 1.75 1.72 

j: 

2.00 1.96 1.91 1.86
3.01 2.62 2.42 2.29 2.20 2.13 1.84 1.81 1.782.08 2.04 2.00 1.75 1,72 1.691.98 1.93 1.89 1.842.99 2.61 2.40 2.17 2.18 2.11 1.81 1.782.06 2.D2 1.98 1.75 1.72 1.69 1.661.96 1.91 1.&6 Ul 1.79 1.762.97 2.59 2.38 2.25 2.16 2.09 1,73 1.70 1.672.04 1.632,00 1.96

2.96 U7 3.36 2.23 2.14 2.08 1,94 1.89 1.84 1.79 I.n 1.14'li~ 2.02 1.98 1.95 1.71 1.68 1.64 1.61 

j~ 
1.92 1.87 1.83 1.78 

un 1.93 1.62 1.59 
2.95 2.56 2.35 = 2.13 2.0IS 2.01 1.75 1.72 1.69 1,66
2.94 2.55 2.34 2.21 2.11 2.05 1.90 1.86 1.81 1,76

U9 1.73 1.70 1.67 1.641,96 1.92 1.60 1.572.93 2.54 2.33 2.19 2.10 2Jl4 1.98 
1.89 1.84 1.80 1.74 l.n 1,69 1.661.94 1.91 1.62 1.59 US1.88 1.83 1.78 1.7325 1.70 l.672.92 2.53 232 2.18 2.09 2.02 1.64 l.61 1.57 1.5326 1.93 1.89

2.91 2.5l 2,31 2.17 2.08 2.01 
un 

1.87 1.82 tn 1,72 1.69 1.661.96 1.63 1.5927 1.92 l.88 1.56 1.522.90 2.51 2.30 2.17 2.(17 2.00 1,86 1.81 1.76 1,71 1.68 1.651.95 1,61 1.5828 1.91 1.87 1.54 1.502.89 2.50 2.29 2.16 2,0IS 2.00 1.85 1.80 1.75 1.70 1.67 1.6419 1.94 1.90 1.87 1.60 1.57 1.53 1.491.84 1,79 1.14 1.692.89 2.50 2.28 2.15 2.0IS 1.99 1.66 1.631.93 1.59 1.56 
30 

1.89 1.86 I,S) 1.78 1.73 1.68 1.52 1.48 
2.88 2.49 2.28 2.14 2.03 1.98 1.6' 1.62 1.58 1.55 1.511.93 1.4740 1.88 1.85 1.82 I.n 1.72 1.672.84 2M 2.23 2.09 2.00 1.93 1M 1.6160 1.87 1,&3 1.79 1.51 1.54 1.502.79 2.39 2,18 2.04 1.95 1.87 1,76 1.71' 1.66 1.61 1.46

1.57 1.54120 1.82 l.n 1.74 1.51 1.47 1.42 1.381.71 1.66 1.60 1.542.75 2.35 2.13 1.99 1.90 1.82 I.n 1.51 1.48 1.44 1.401.72 1.68 1.35 1.29:2.71, 2.30 2,OS . 1.94 1.85 I.n 1.65 1.60 I.S5 1048
1.72 l.67 1.63 1.45 1.41 1.37 1.32 1.26 1.19!.tIO 1.55 1.49 1,42 D8 134 1.30 1.24 1.17 1.00 



254.3 
18.51 19.33 19.35 19.)7 19.38 19.40 19.43 19.45 19.45 19.46 19.47 . 19.48 19.49 19.50 
10.13 9.5S 9.01 8.94 S.1!9 8.85 UI 8.79 &.74 S.70 8.66 8.64 8.62 8.59 8.57 8.S5 8.53 

,4 7.71 6.94 6.59 6.26 6.16 6.19 6.04 6.00 S.96 5.91 ,,5.86 5.8<). 5.77 5.75 5.72 5.69 5.66 5.63 

6.61 5.79 5.41 S.19 5.05 4.95 4.1a 4.a2 4.TI 4.74 4.68 4.62 4.S6 4.53 4.50 4.46 4.43 4.40 4.36 
5.99 5.14 4.76 4.53 4.39 4.2a 4.21 4.IS 4.10 4.06 4.00 3.94 3.87 3.84 3.81 3.77 3.74 3.70 3.67 
5..59 4.74 4.35 4.12 397 3.87 3.79 3.73 3.6a 3.64 3.57 ).51 3.44 3.41 3.38 3.14 3.30 3.22 3.23 
5.n 4.46 4.07 3.84 3.69 3.58 3.>0 3.44 3.39 3.35 3.28 3.22 3.15 3.12 3.0S 3.04 3.01 2.97 2.93 
5.12 4.26 3.86 3.63 3.« 3.37 3.29 3.23 3.18 3.14 3.07 3.01 2.94 2.00 2.86 2.83 2.79 2.75 2.71 

10 4.96 4.10 3.71 3.48 3.33 3.22 3.1. 3.07 3.02 2.11S 2.91 2.85 2.71 2.74 2.70 2.66 2.62 2.58 2.54 
'II 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.00 2.85 2.79 2.72 2.65 Ul J---z.:J7 2.53 2.49 2.45 2.40 

? 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..34 2.51 2.47 2.43 2.3& 2.14 2.30 
~ 13 4.67 3.81 3041 3.18 3.03 2.92 2.83 2.TI 2.71 2.67 2.60 2.53 2.46 2.42 2.38 2.34 2.)0 2.25 2.21 
1 14 4.60 3.74 3.:14 3:11 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.46 2.39 2.3S 2.31 2.27 2.22 2.IB 2.13 

1 15 
)l 16 
.JJ 17 

4.34 
4.49 
4.45 

3.68 
3.63 
3..59' . 

3.29 
3.21 
3.20 

3.06 
3.01 
2.96 

2.00 
2.85 
2.81 

2.79 
2.74 
2.70 

2.71 
2.66 
2.61 

2.64 
2.59 
2.55 

2.59 
2.54 
2.49 

2.54 
2.49 
2.45 

2.48 
2.42 
2.3a 

2.40 
2.35 
1.31 

2.33 
2.U 
2.23 

7..29 
2.24 
2.19 

2.25 
2.19 
2.15 

i20 
2.1S 
2.10 

2.)6 
2.11 
2.06 

2.11 
2.06 
2.0l 

2.07 
2.01 
1.96 

.e18 4.41 3.55 3.16 2.93 2.TI 2.&6 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 
e 19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38 2.31 223 2.16 2.11 2.01 2.03 1.98 1.93 1.801 

l~ 4.35 
4.32 

3.49 
3.47 

3.10 
3.07 

2.87 
2.84 

2.71 
2.68 

2.60 
2.57 

2.51 
2.49 

2.45 
2.42 

2.39 
2.37 

2.35 
2.32 

2.28 
2.25 

2.20 
2.18 

2.12 
2.10 

2.08 
2.05 

2.04 
2.01 

1.99 
1.96 

1.95 
1.92 

1.00 
1.87 

1.84 
IJlI 

'\!In 

~23 
4.30 
4.28 

3.44 
3.42 

3.05 
3.03 

2.82 
2.80 

2.66 
2.64 

2.55 
2.53 

2.46 
2.44 

2.40 
2.37 

2.34 

2.32 
2,30 

2.27 
2.23 
2.20 

2.15 
2.13 

2.07 
2.05 

2.03 
2.01 

U8 
1.90 

1.94 
J.91 

1.89 
!.S6 

1.84 
1.81 

1.78 
1.76 

,!I 24 4.26 3.40 3.QI 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.&9 l.S4 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 Ul2 !.S7 1.82 1.77 1.71 
26 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.17 2.22 2.15 2.07 1.99 1.95 1.00 1.85 1.80 1.75 1.69 
27 4.21 3.35 2.96 2.73 2..S1 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.JO 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 1.00 1.85 1.8\ 1.75 • 1.70 1.64 

30 4.17 3.32 2.92 2.69 2.53 '2.42 2.33 2:17 2.21 2.16 2.19 2.01 1.93 1.&9 !.Sol 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 un 1.84 1.79 1.74 1.69 1.64 I.5B l.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 U5 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 1.67 1.57 1.5'! 1.46 1.39 1.32 1.22 1.00 

No Percentage Points of the F Distrlhution (continued) 

., Fo.~ 

4 
B 9 10 12 IS 20 14 30647.8 7\19.5 864.2 899.6 120921.8 937.1 

38.51 )9.00 . 39.17 ~~6 9~~ 963'!. 968.6 976.7 984.9 993.1 997.2 100139.25 1006 101039.30 39.33 1014 101839~ 39.40 39.41 39.43 39.4517.44 16.04 Il.44 Il.I0 39.46 39.46 39,47 39.4&14.88 14.73 l4.62 14.54 39.49 39.5014.47 14.42 14.34 14.25 14,171= 10.(\$ 9.98 9.60 9.36 9.20 9.07 
14.12 14.08 14.04 13.99 13.95 IHO8.98 8.00 8.84 8.75 8.66 8.56 8.ll10.01 8.41 7.76 7.39 7.15 6.98 

8.<6 &.41 8.36 8.31 8.26
6.85 6.76 6.68 6.62 6.52 6.438.81 7.26 6.60 6.23 6.33 6.21 . 6.23 6.t8 6.125.99 5.82 5.70 ~.07 6.025.60 5.52 5.46 5.37 5.278.07 S.17 S.126.34 5.B9 S.07 5.01 4.965.l2 5.29 5.12 4.99 4.00 4.854.90 4.82 4.76 4.67 4.57 

.5.05 4n 4.65 4.53 4.20 4.147.57 4.47 4.426.06 5.42 4.36 4.3i 4.254.43 4.36 4.30 4.20 4.107.21 l.71 5.08 4.00 3.95 3.894.72 4.48 4,32 3.84 3.78 3.734.20 4.10 4.03 3.673.96 3.87 3.77 3.67 3.61 3.56 3.51 3.4510 6.94 5.46 4.83 4.47 3.29 3.334.24 4.67 3.95 3.85 3.78 3.72 3.62 3.5'21I 6.72 5.26 4.63 4.2l1 4.04 3.88 3.76 
3.42 3.37 3.31 3.26 3.20 3.14 3.os3.&6 3.59 3.53 3.43 3.33? 12 6.55 5.10 4.47 4.12 3.23 3.17 3.12 3.06 3.003.89 3.73 3.61 2.94 2.88).51 3.44 3.37 3.28 3.18i 13 6.41 4.97 4.35 3.07 ).02 2.96 2.91 2.854.00 3.TI· 3.60 3.48 2.79 2.723.39 3.31 3.25 3.15 3.05l! 14 6.30 4.86 4.24 2.9l 2.89 2.84 2.78 2.723.89 3.66 3.50 3.38 2.66 2.603.29 3.21 3.15 3.05 2.951 IS 6.20 
2.84 2.79 2.73 2.67 2.61 2.55 2.494.TI 4.13 3.8ll 3.58 3.41 3.29~ 16 6.12 3.20 3.12 .3.06 2.96 2.86 2.76 2.704.69 4.08 3.73 2.64 2.59 2.52 2.463.>0 3.34 3.22 2.40J! 17 3.12 3.05 2.99 2.89 2.79 2.68 2.636.04 4.62 4.01 3.&6 3.44 3.2l1 3.16 2.57 7..51 2.45 2.3& 2.323.06 2.98 2.92 2.82 2.12.!! 18 5.9B 4.56 3.95 3.61 3.38 3.22 3.10 
2.62 2.56 2.50 2.44 2.38 2.32 2.253.01 2.93 2.87 2.TI 2.675.92 4.51 3.90 2.56 2.50 2.443.56 2.38 2.32 2.263.33 3.17 3.05 2.192.96 2.88 2.82 2.72 2.62 2.51 2.45 2.39j: 2.33 2.'1:75.87 4.46 3.86 3.51 2.20 2.13

3.29 3.13 3.01 2.91 2.841; 21 2.77 2.6& 2..57 2.46 2.415.B3 4.42 3.82 2.35 2.29 2.22
[n 3.48 3.25 3.09 2.97 2.16 2.092.87 2.80 2.73 2.64 2.535.79 4.38 3.78 3.44 2.42 2.37 7..31 2.25 2.1S 2.113.22 3.65 2.9'3 2.042.84 2.76 2.70 2.60 2.50,!I 23 5.75 4.35 3." 3.41 2.39 2.33 2.27 2.21 2.143.18 3.62 2.08 2.002.00 2.BI 2.73 2.67 2.57 2.4724 5.72 4.32 3.12 3.38 3.15 2.99 2.87 

2.36 2.30 2.24 2.18 2.1I 2.04 1.972.78 2.70 2.64 2.34 2.44 2.33 2.27 2.21 2.15 2.0825 2.01 1.945.69 4.29 3.69 3.35 3.13 2.97 2.85 2.75 2.68 2.61 2.51 2.4126 2.305.66 4.27 3.67 3.)3 3.10 2.94 2.82 
2.24 2.18 2.12 2.0S 1.98 1.912.73 2.65 2.59 2.49 2.39'Z'I 5.63 4.24 3.65 3.31 2.28 2.22 2.16 2.09 2.033.08 2.92 2.80 1.95 1.882.71 2.63 2.57 2.47 2.3628 5.61 2.25 2.194.22 3.63 3.l11 3.06 2.90 2.78 2.\3 2.rn 2.00 1.93 l.852.69 2.61 2.5l 2.45 2.3429 l.59 4.JO. 1.61 2.23 2.17 2.11 2.0S 1.983.27 3.04 2.11& 2.76 1.91 1.832.67 2.59 2.53 2.43 2.32 2.21 2.1530 2.09 2.03 1.96 1.1!9 1.81l.57 . 4.18 3..59 3.25 3.03 2.87 2.75 2.65 2.5740 l.42 4.0$ 3.46 2.51 2.41 2.31 2.20 2.14 2.073.13 2.01 1.942.!lO 2.74 2.62 1.87 1.792.53 2.4560 5.29 2.39 2.29 2.18 2.07 2.01 1.943.9) 3.34 3.01 2.79 2.63 1.88 1.80 1.72 1.642.ll 2.41 2.33120 5.15 2.27 2.17 2.06 1.94 UB3.80 3.23 1.82 1.74 1.672.89 2.67 2.52 1.58 1.48 

5.02 
2.39 2.30 2.22 2.16 2.05 1.94 In 1.763.69 3.12 1.69 1.61 1.532.79 2.57 2.41 1.43 1.312.29 2.19 2.11 2.65 1.94 1.83 1.71 1.64 1.57 1,48 1.39 I.'Z'I 1.00 
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IV. Percentage Points of the F Distribution (continued) 

98..50 
l4.12 
21.20 

99.00 99.17 
30.81 29.46 
18.00 16.69 

16.26 
13.75 
12.25 
11.26 
10..16 

13.21 12.06 
10.92 9.78 
9.55 8.45 
US 7.59 
8.D:!. 6.99 

10.il4 1.56 
US 7.21 
9.33 6.93 
9.07 6.70 
8.86 6.!11 

U8 6.36 
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S.29 6.01 
8.\8 5.93 

8.\0 S.8S 
8.02 5.78 
7.95 5:n 
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Probability or accepting the hypothesi, 
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3.67 
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3m 
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3.:!9 3.21 
3.IS 3,!0 

1.08 1.00 
3.00 2.92 
1.92 '2.84 

2.86 2.78 
2.80 2.1'2 
2.75 2.61 
2.70 1.62 
2.611 2.58 

2.62 
2.58 
2.55 
2.52 
2.49 

2.47 
2-"9 

2.12 
1.95 
1.19 

2.54 
2.50 
2.41 
2.44 
'2,41 

2.39 
2.20 
2.01 
1.86 
1.70 

99.47 99.48 
26.41 26.32 
13.75 13.65 

9.29 9.20 
7.14 7.06 
5.91 5.81 
5.\2 5.03 
4 . .57 4.48 

4.17 4.08 
3.86 3.7S 
3.62 3.54 
3.43 3.34 
3:27 3.IS 

3.11 3.os 
3.02 2.93 
2.92 2.83 
2.84 2.15 
2.76 2.67 
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2..14 2.45 
2.49 . 2.40 
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4.40 

4.00 
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3.09 
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2.84 
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2.66 
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\3.46 

9.02 
6.88 
5.55 
4.86 
4.31 

3.91 
3.60 
3.36 
3.11 
3.00 

2.87 
2.75 
2.6S 
2.57 
2.49 

2.42 
1.16 
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2.26 
2.21 

2.87 2.17 
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Probabiiity of accepting the hypothesis 
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Probebil1ty of eccep1:ing the hypothesis 
Proba'blUt-I of accepting the hypothesis 

~ ~ ~ gg~g ~ 

VlL Per<:entage Points of the Studentiud Range Statistic' 

p 

f 2 3 4 5 6 7 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 'lLl 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 lLQ8 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 8.76 8.85 8.94 9.03 
9 4.60 5.43 5.96 6.35 6.66 6.9i 7.13 7.32 7.49 7.65 7.78 7.91 8.03 8.13 8.23 $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.lS! 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 1.34 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 1.15 
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 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 6.51 658 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 
30 3.89 4.45 4.80 5.05 5.24 5.40 5.54 5.65 5.76 5.85 5.93 6.01 6.08 6.14 6.20 6.26 6.31 6.36 6.41 
40 3.82 4.37 4.70 4.93 5.l! 5.27 5.39 5.50 5.60 5.69 5.77 5.84 5.90 5.96 6.02 6.07 6.12 6.17 6.21 
60 3.76 4.28 4.60 4.82 4.99 5.13 5.25 5.36 5.45 5.53 5.60 5.67 5.73 5.79 5.84 5.89 5.93 5.98 6.02 

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 
3.64 4.12 4AO 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 

/ ~ dtgress of freedom. 

'Prom 1. M. May. "Extended and Com>eted Tables of ,he Upper _tage Points of Ih6 Studontizcd Range; Bio., .. trl~. Vol. 39. pp. 192-193. 19~ Reproduced by pe_on of Ih6 ~ 

trustees ofBiomelrika. )-4 



VIT. Pe=to.ge Points of the Stwlentited Range Sto.tistic (continued) 

'6.09 10.89 11.13 12.43 13.03 13.54 13.99 14.39 14.75 15.08 15.38 15.65 15.91 16.14 16.57 
4.50 5.88 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 11.12 11.24 

4 3.93 5.00 6.31 6.73 7.06 7.35 7.60 7.83 8.03 8.21' 8.37 8:S2 8.67 8.80 8.92 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 
1 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 5.11 5.40 5.60 5.11 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· 4.16 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 3.11 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 4.18 4.94' 5.08 5.20 5.31 5.40 5.49 557 5.65 U2 5.79 5.85 5.91 5.96 

16 3.00 3.65 . ~ 4.34 4.56 4.74 4.96 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 2.91 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 4.41 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.l0 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 5,11 5.22 5.21 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 s.oIl 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 
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 

http:Pe=to.ge
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VIII. Critical Valueo for Dunnett'. Test for Comparing T __U with a Control (continued) 

dw(a-1.f) 
One-Sided Comparisons 

a -1- NumberofTrealmentMuns (excilldingC<)ntrol) 

9 


l 
5 

6 

7 

8 

9 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

24 

30 

40 

60 


120 


'" 

f 
5 

6 

7 

8 

9 


10 

11 

12 

13 

14 

IS 
16 

17 

18 

19 

20 

24 

30 

40 

60 


120 


7 	 8

4 5 6
2 	 3 


3.24 	 3,303.08 	 3.16 
2.44 	 2.68 2.85 2.98 3.122.02 	 3.00 3.072.83 2,92
2.34 	 2.56 2.71 3.011.94 	 2.952.82 	 2.89

2.48 	 2.62 2.73
1.89 	 2,27 2.87 2.92

2.66 	 2,74 2.81
2.42 	 2.551.86 	 2.22 2,81 2.86

2.60 	 2.68 2.75 
2.18 	 2.37 2.501.83 2.76 	 2.812.64 	 2.70

2.34 	 2.47 2.56
1.81 	 2.15 2.67 2.72 2.77

2.53 2.602.31 	 2.441.80 	 2.13 2.64 2.69 2.742.582.41 	 2.50
1.78 	 2.11 2.29 2.66 2.71

2.411 	 2.55 2.61 
1.77 	 2.09 2.27 2.39 2.64 2.692.592.37 2.46 2.53 
1.76 	 2.08 2.25 

2,62 	 2.67
2.44 	 2,51 2.57 

1.75 	 2.07 2.24 2.36 
2.56 2,61 2.65 

2.34 2.43 2.50 
1.75 	 2.06 2.23 2.59 2,64

2.42 	 2.49 2.54 
1.74 	 2.05 2.22 2.33 2.58 2.622.532.41 	 2.482.21 	 2.32t.73 	 2.04 2.52 2.57 2.612.472.31 	 2.401.73 . 	 2.03 2.20 

2.51 	 2.56 2.60
2.39 	 2.46• 2.191.72 	 2.03 2.53 2.57 

2.17 2,36 2.43 2.48 
1.71 	 2.01 2.45 2.50 2.54

2.33 	 2.40 
1.70 	 1.99 2.15 2.47 2.51~t 2.31 	 2.37 2.42 
1,68 	 1.97 2.13 2.44 2.48 

2,21 	 2.28 2.35 2.39 
1.67 	 1.95 2.10 2.452.37 	 2.412.32 
1.66 	 1.93 2.08 2.18 2.26 

2,38 2.422.342.16 2.23 2.29 
1.64 	 1.92 2.06 

dn.•,(a - I.!) 
One-Sided Comparisons 

a-I ~ Number orTrealment Means (excluding coutro1) 

5 	 6 7 8 9 

2 	 3 4 


4.94 	 5,034.854.43 4.60 4.73 
3.37 3.90 4.21 	 4.43 4.S1 4.59 

4.07 4.21 4.33 
3.14 	 3.61 3.88 4.23 4.304,07 	 4.1S3.83 	 3.96
3.00 	 3.42 3.66 4.03 4.093.88 	 3.96

3.51 	 3.67 3.79 

3.5S 3.66
2.90 	 3,29 3.82 3.89 3.943,75

2.82 	 3.19 3.40 3.833.71 	 3.783.56 	 3,64
2.76 	 3,11 3.31 3.45 

3.63 3.69 3.74
3.48 	 3.563.06 . 	 3.25 3.38 3.672.72 	 3.623,42 	 3.50 3.56 

3.01 	 3.19 3.32 3.61 ' 2.68 	 3.51 3.563,27 3.37 3.44 
2.65 	 2.97 3.15 

3.23 3,46 3.51 3.56
3.32 	 3.40 

2.62 	 2.94 3.11 
3.47 3.523.36 	 3.423.08 	 3.20 3,29

2.60 	 2.91 3.39 3.44 3.483,333:17 	 3.26
2.58 	 2.88 3.05 3.41 3.453.30 	 3.36

3.03 	 3.14 3.23
2.57 	 2.86 3.33 3.38 3.423.273.12 	 3,21
2.55 	 2.84 3.01 3.31 3.36 3.40

3.18 	 3.252.99 	 3.102.54 	 2.83 3,383.23 	 3.29 3.34 
2.97 	 3.08 3.17

2.53 	 2.81 3,27 3.31·3.17 	 3.22 
2.49 	 2.77 2.92 3.03 3.11 3.243.11 	 3.16 3.21

2.97 	 3.05
2.46 	 2.72 2.87 3.14 3.183.05 	 3.10

2.82 	 2.92 2.99
2.42 	 2.68 3,04 3,08 3.123.002.78 	 2.87 2.94
2.39 	 2.64 3.062.94 	 2.99 3.03 
2.36 	 2.60 2.73 2.82 2.89 

2.89 2.93 2.97 3.00 
·2,77 	 2.842.56 	 2,682.33 
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