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Question 1

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 of use, 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 of each 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 Golf Carts
I I I v

1 B=3 C=1 D=2 A=1

2 A=2 B=-1 C=-3 - D=-3 _

3 D=0 A=4 B=- C=-

4 C=1 D=-1 A=1 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 of dimensional 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 11 v
- - €)) 18.2 18.9 12.9 144
+ - a 27.2 24.0 224 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 of two 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 2° 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

4.43 491
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 2 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 S

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
3



“ATPENDIX 607

1I1. Percentage Points of the y* Distribution®

&
x 995 950 975 950 300 050 .025 018 003
1 000+ 000+ 000+ D00+ 045 3.84 502 6,63 7.38
K} 002 0.05 0.10 1.39 5.99 7.38 921  10.60
3 007 0.1 0.22 0.35 2.37 7.81 935 1134  12.84
4 021 0.30 048 0.71 3.36 949 1114 1328  14.86
5 041 0.55 0.83 1.15 435 1107 1238 1500  16.75
6 068 0.87 1.24 1.64 535 1259 1445 1681 1855
7 099 1.24 1.69 2.17 635 1407 1601 1848 2008
8 1.34 1.65 2.18 2.73 734 1551 1753 2009 2196
9 173 2.09 270 3.33 834 1692 1902 21.67 2359
10 216 2.56 325 3.94 934 1831 2048 2321  25.19
11 260 3.05 3.82 4.57 1034  19.68 2192 2472 2676
12 3.07 3.57 4.40 523 1134 2103 2334 2622  28.30
13 357 4.11 5.01 5.89 1234 2236 2474 2769 2982
14 407 4.66 5.63 6.57 1334 2368 2612 2914 3132
15 460 523 627 7.26 1434 2500 2749 3058  32.80
16 514 5.81 6.91 7.96 1534 2630 2885 3200 3427
17 570 6.41 156 .67 1634 2759 3019 3341 3572
18 626 7.01 8.23 9.39 17.34 2887 3153 3481 3716
19 684 7.63 8.91 10.12 1834  30.14 3285 3619 3858
20 743 . 826 9.59 10.85 1934 3141 3417 3757 4000

25 1052 1152 1312 (‘@ 2434 3765 4065 4431 4693
30 1379 1495 1679 (1849 2034 4377 4698 5089  53.67
4 2071 2216 2443 2651 3934 5576 5934 63690 6677
50 2799 2971 3236 3476 4933 67.50 7142 7615 7949
60 3553 3748 4048 4319 5933  79.08 8330 8838  91.95

70 43.28 45.44 48.76 51.74 69.33 90.53 95.02 10042 104.22
80 5117 53.54 57.15 60.39 79.33 101.88 10663 11233 11632
90 59.20 6175 - 65.65 69.13 8933 113.14 11814 124.12 12830
100 67.33 70.06 74.22 77.93 9933 12434 12956 13581 140.17

v = degrees of freedom

*Adapted with permission from Biometrika Tubles for Siatisticians, Vol. 1, 3rd edition by E. §. Pearson and H. O.
Hartley, Cambridge University Press, Cambridge, 1966.




IV. Percentage Points of the F Distribution®

F 0.25,v,1
», Degrees of Freedom for the Numerator (»)

¥y 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o
1 5.33 7.50 8.20 8.58 8.82 8.9%8 9.10 9.19 9.26 9.32 9.41 9.49 9.58 9.63 9.67 971 9.76 9.80 9.85
2 2.57 3.00 3.15 3.23 3.28 3.31 134 3.35 337 138 3.39 341 343 3.43 344 345 346 347 348
3 2.02 2.28 2,36 2.3% 2.41 242 243 244 2.44 2.44 2.45 2.46 2.46 246 247 247 2.47 2.47 247
4 .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 2.08 208
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 1.76 178 1.79 179 1.78 1.78 178 1.77 1.77 1.77 1.76 1.76 175 1.75 175 1.74 1.74 1.74
7 1.57 1.70 1.72 172 1.71 171 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
10 149 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 1.50 149 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 1.4% 1.49 1.48 147 147 {46 1.45
w12 1.46 1.56 1.56 1.55 1.54 1.53 1.52 1.51 L.51 1.50 1.49 1.48 147 1.46 1.45 145 1.44 143 142
‘é’ 13 1.45 1.55 1.55 1.53 1.52 1.51 1.50 1.49 149 1.48 147 1.46 1.45 1.44 1.43 1.42 142 1.41 1.40
g 14 144 1.53 1.53 1.52 151 1.50 1.49 1.48 147 1.46 1.45 1.44 143 142 1.41 141 140 1.39 1.38
S 15 143 1.52 1.52 1.51 1.49 1.48 147 146 1.46 1.45 1.44 143 1.41 1.41 1.40 1.39 138 137 1.36
8 16 1.42 1.51 1.51 1.50 1.48 1.47 1.46 145 1.44 144 1.43 1.41 1.40 139 1.38 1.37 1.36 1.35 1.34
g 1.42 151 1.50 149 1.47 1.46 145 1.44 1.43 143 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34 1.33
é 18 1.41 1.50 149 148 146 145 144 1.43 142 1.42 140 - 139 1.38 1.37 1.36 1.35 1.34 1.33 132
g 19 1.41 1.49 1.49 147 146 1.44 1.43 1.42 141 141 140 1.38 1.37 1.36 1.35 1.34 1.33 1.32 1.30
g 20 1.40 149 148 147 145 1.44 143 142 141 1.40 139 1.37 1.36 1.35 1.34 1.33 132 131 1.29
B 1.40 148 1.48 1.46 1.44 1.43 142 141 1.40 1.39 1.38 1.37 1.35 1.34 1.33 132 1.31 1.30 1.28
" 22 1.40 1.48 147 145 1.44 1.42 1.41 1.40 1.39 1.3 1.37 1.36 1.34 1.33 132 131 1.30 1.29 1.28
ﬁé,, 23 1.3% 1.47 1.47 1.45 143 1.42 141 140 1.39 1.38 1.37 1.35 1.34 1.33 1.32 1.31 1.30 1.28 1.27
A 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.38 136 1.35 1.33 132 131 1.30 1.29 1.28 1.26
25 1.39 1.47 146 144 1.42 141 1.40 1.39 1.38 1.37 1.36 1.34 1.33 132 1.31 1.29 1.28 1.27 1.25
26 1.38 1.46 145 1.44 142 141 1.39 1.38 1.37 1.37 1.35 1.34 1.32 1.31 1.30 1.29 1.28 1.26 125
27 1,38 1.46 1.45 143 142 1.40 1.39 1.38 1.37 1.36 1.35 1.33 1.32 131 1.30 1.28 127 1.26 1.24
28 1.38 1.46 145 1.43 1.41 1.40 1.39 1.38 137 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 1.40 1.38 1.37 1.36 1.35 1.34 132 1.31 1.30 1.29 1.27 1.26 125 1.23
30 1.38 1.45 1.44 142 141 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 1.44 142 1.40 139 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 1.15
60 135 142 141 1.38 1.37 1.35 1.33 132 131 1.30 1.29 127 1.25 1.24 1.22 1.21 1.19 1.17 1.15
120 1.34 1.40 139 1.37 1.35 133 1.31 130 1.29 1.28 1.26 1.24 1.22 1.21 1.19 1.18 1.16 113 1.10
o 132 1.39 137 1.35 133 131 1.29 1.28 1.27 1.25 1.24 1.22 1.18 1.16 1.14 112 1.08 1.00

1.19

KHINFEILY

v = degrees of freedom

*Adapted with permission from Biometrika Tables for Statisticians, Vol. 1, 31d edition by E. S. Pearson and H. O. Hartley, Cambridge University Press, Cambridge, 1966.
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IV. Percentage Points of the F Distribution (continued)
Fo 1000
» Degrees of Freedom for the Numerator (v,)
o 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 ®
1 3986 49.50 5359 5583 5724 5820 5891 59.44 5986  60.19 6071 6122 6174 6200 6226 6253 6279  63.06 6333
2 853 900 9.6 9.24 929 933 935 9.37 9.38 9.39 941 942 944 945 946 947 947 9.48 949
3 554 546 539 534 531 528 527 5.25 524 523 522 520 518 5.18 5.17 516 515 514 513
4 4.54 432 4,19 4.11 4.05 4,01 398 3.95 3.94 392 3.50 3.87 184 3.83 3.82 3.80 379 3.78 3.76
5 406  3.78 362 352 345 340 337 3.34 332 3.30 327 324 321 3.19 347 316 314 312 310
[3 378 346 329 3.8 ERY 3.05 a0 2.98 2.96 2.94 290 2.87 2.84 2.82 2.80 2.78 276 274 272
7 3,59 126 3.07 2.96 2.88 2.83 2.18 275 272 270 2.67 2.63 2.59 2.58 2.56 2.54 2.51 2.49 2.47
8 346 311 292 2.81 273 267 262 2.59 256 254 250 246 242 2.40 238 236 234 132 229
9 336 301 281 2.69 261 255 251 2.47 244 242 238 234 230 228 225 223 221 218 216
10 329 292 273 2,61 252 246 241 2.38 235 2,32 228 224 220 218 216 213 211 208 206
11 323 286 266 2.54 245 239 234 2.30 227 2.25 221 217 212 210 208 205 203 200 197
= 12 318 2.81 261 2.48 239 233 2.28 224 221 2.19 215 ) 210 2.06 204 201 1.99 1.96 1.93 180
w13 314 2.76 2.56 2.43 2.35 228 2.23 220 2.16 2.14 2.10 2.05 201 1.98 1.96 1.93 1.90 1.88 1.85
% 14 310 273 252 239 231 224 219 2.15 212 210 205 201 1.96 1.94 1.91 189 186 183 1.80
5 15 3.07 270 249 2.36 P 221 2.16 232 2.09 2,06 2.02 1.97 1.92 190 1.87 1.85 1.82 179 1.76
E 16 105 267 2.46 233 224 218 213 209 206 203 199 194 1.89 1.87 1.8¢4 181 178 75 1m
217 305 264 244 231 222 215 210 2.06 203 2.00 196 191 1.86 1.84 1.81 178 175 172 169
5 18 m 262 242 2.29 220 2.13 2.08 2.04 2.00 1.98 193 1.89 1.84 1.81 1.78 175 1.72 1.69 1.66
E 19 2599 261 240 227 2.18 2.11 2.06 2.02 1.98 1.96 191 1.86 1.81 .79 1.76 1.73 1710 1.67 1.63
E ,
§ 20 297 2.59 2.38 225 2.16 209 2.04 2.00 1.96 1.94 1.89 1.84 179 1.77 1.74 171 1.68 1.64 1.61
E 21 296 2.57 2.36 2.23 2.14 2.08 202 1.98 1.95 192 1.87 1.83 178 1.75 1.72 1.69 1.66 1.62 1.59
) 295 256 235 2.22 213 206 201 197 1.93 1.50 186 181 176 173 1.70 1.67 1.64 160 157
gﬂ 23 204 255 234 221 211 205 199 1.96 1.92 1.89 1.84 180 . 174 172 1.69 166 162 159 155
X 24 293 254 233 2.19 210 204 198 1.94 191 1.88 183 178 1.73 1.70 1.67 164 161 157 153
25 292 253 232 218 209 202 197 1.93 1.89 1.87 182 L7 172 1.69 166 1.63 1.59 156 152
26 2.91 252 231 217 208 201 196 1.92 188 186 181 1.76 11 168~ 165 1.61 1.58 1.54 150
7 2.90 2.51 2.30 2.17 2.07 2.00 195 1.91 1.87 1.85 1.80 175 1.70 1.67 1.64 1.60 1.57 1.53 149
23 2.89 2.50 229 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.719 174 1.69 1.66 1.63 1.59 1.56 1.52 148
29 289 250 228 215 206 199 193 1.89 1.86 1.83 178 173 1.68 1.65 1.62 158 155 1.51 147
30 283 245 228 214 2.03 198 1.9 1.88 1.85 1.82 L7717 1.67 164, 161 157  1.54 150 146
40 284 244 223 2.09 200 193 187 1.83 179 1.76 171 166 161 1.57 1.54 1.51 1.47 142 138
60 279 239 2.18 2.04 195 187  1.82 177 174 17 166 160 1.54 1.51 1.48 144 140 135 129
120 275 2.35 213 1.99 190 1.82 1.77 L.72 1.68 1.65 1.60 1.55 1.48 1.45 141 1.37 1.32 1.26 1.19
o 2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 1.60 1.55 149 142 1.38 1.34 1.30 1.24 1.17 1.00

XIANFddV

609




Iv.

Percentage Points of the F Distribution (continued)
F 0.05.%,.,

Degrees of Freedom for the Numerator (v,)

¥y 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 s
1614 1995 2157 224.6 2302 2340 2368 2389 240.5 2419 2439 2459 248.0 249.1 250.1 251.1 252.2 2533 2543

2 1851 19.00* 19.16 19.25 19.30 1933 1935 19.37 19.38 19.40 1941 19.43 19.45 19.45 1946 1947 19.48 19.49 19.50
3 10.13 9.55 9.28 9.12 9.0t 8.94 8.89 8.85 8.81 8.79 874 870 8.66 8.64 8.62 8.59 8.57 8.55 8.53
t4 171 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.91 5.86 5.80 577 5.75 5.72 5.69 5.66 5.63
5 6.61 5.7% 5.41 5.19 5.05 4.95 4.88 4.82 4.717 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 4,00 394 3.87 .84 3.81 3.77 3.74 3.70 3.67
7 5.59 4.74 435 4.12 397 3.87 3.79 373 3.68 3.64 3.57 351 344 341 338 3.34 330 3.27 3.23
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 328 3.22 3.15 312 3.08 3.04 3.01 2.97 2,93
9 5.12 426 3.86 3.63 3.48 3.37 3.29 323 3.18 3.4 3.07 3.01 2.94 2.90 2.86 2.83 2.79 275 271
10 4.96 4.10 KA 3.48 1333 322 314 307 3.02 2.98 2.91 2.85 A 2.74 270 2.66 2.62 2.58 2.54
11 4.8 3.98 3.59 3.36 3.20 .09 - 301 2.95 2.80 2.85° 2.79 ‘272 2.65 2.61 2.57 2.53 2.49 245 2.40
Ry 475 3.89 3.49 326 il 3.00 291 2.85 2.80 2.15 2.69 2.62 2.54 2.51 247 2.43 2.38 2.34 2.30
g 13 4.67 3.81 341 318 3.03 292 2.83 277 271 2.67 2.60 2.53 246 242 238 2.34 2.30 2.25 2.21
= 14 4.60 3.74 334 311 2.96 2.85 2,76 2,70 2.65 2.60 2.53 2.46 239 2.35 2.31 2.27 222 2.18 2.13
g 15 4.54 3.68 3.29 3.06 2.90 279 271 2.64 2.59 2.54 248 240 233 229 2.25 2.20 2.16 211 2.07
& 16 4.49 3.63 3.24 301 2.85 2.74 2.66 2.59 2.54 249 242 2,35 2,28 2.24 2.19 2.15 211 206 2,01
217 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49 245 2.38 231 223 2.19 2.15 2.10 2.06 2.01 1.96
S 18 .41 3.55 3.16 2.93 2.7 2.66 2.58 2.51 246 241 2.34 2.27 2.19 2.15 2.11 2.06 2.02 1.97 1.92
g 19 4.38 3.52 313 2.90 274 2.63 2.54 248 242 2.38 2.31 2.23 2.16 2.1 2.07 2.03 1.98 1.93 1.88
§ 20 4.35 349 3.10 2.87 21 2.60 2.51 2.45 2.39 2.35 2.28 2.20 212 2,08 2.04 1.99 1.95 1.90 1.84
[l 4.32 3.47 3,07 2.84 2.68 2.57 2.49 242 2.37 232 2.25 2.18 2.10 205 2.01 1.96 1.92 1.87 1.81
By 430 344 3.05 2.82 2.66 2.55 246 240 2.34 230 2.23 2.15 207 203 1.98 1.94 1.89 1.84 178
,%) 23 428 342 3,03 2.80 2.64 2.53 244 2.3 232 2217 2.20 2.13 205 2,01 1.96 1.91 1.86 1.81 1.76
A 2 426 340 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.18 211 2.03 1.98 1.94 1.89 1.84 1.7% 173
25 4,24 3.39 2.99 216 2.60 2.49 240 234 2.28 2,24 2.16 2.09. 2.01 1.96 192 1.87 1.82 1.77 1.71
26 423 3.37 2.98 2.74 2.59 247 2.39 232 2.27 2.22 2.15 2.07 1.99 1.95 1.90 1.B5 1.80 175 1.69
27 4.21 335. 2.96 273 2.57 2.46 2.37 2.31 225 2.20 2.13 206 1.97 1.93 1.88 1.84 1.79 1.73 1.67
28 4.20 3.34 2.95 271 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 4.18 333 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
30 4.17 332 292 269 2.53 242 2.33 2.27 221 2.16 2.09 2.01 1.93 1.89 L34 1.79 1.74 1.68° 1.62
40 4.08 323 2.84 2.61 245 2.34 225 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 2.53 237 2.25 217 2.10 2.04 1.99 192 1.84 1.75 1.70 1.65 1.59 1.53 147 1.39
120 3.92 3.07 .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
o 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 175 1.67 1.57 1.52 1.46 1.39 1.32 1.22 1.00
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IV. Percentage Points of the F Distribution {continued)
F 0.025.p),,
¥, Degrees of Freedom for the Numerator ()
¥y 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o
I 647.8 799.5 864.2 299.6 921.8 937.1 948.2 936.7 963.3 968.6 976.7 984.9 993.1 997.2 1001 1006 1010 1014 1018
2 38.51 39.00 39.17 39.25 29,30 3933 3936 3937 39.39 39.40 39.41 39.43 3945 39.49 39.46 39.47 39.48 3949 39.50
3 17.44 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 1222 1065 9.98 9.60 9.36 9.20 9.07 8.98 8.90 8.84 8.75 8.66 8.56 8.51 8.46 841 8.36 8.31 8.26
5 10.01 8.43 776 139 715 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 8.81 726 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 5.37 5.27 517 5.12 5.07 5.01 4.96 4.50 4.85
7 807 6.54 5.89 5.52 529 512 4.99 4.90 4.82 4.76 4.67 4.57 447 442 4.36 4,31 4.25 4.20 4.14
g 757 6.06 542 5.05 482 4.65 4.53 443 4.36 4.30 4.20 4.10 4.00 3.95 3.89 3.84 378 373 3.67
9 70 571 5.08 4.72 4.48 432 . 420 4.10 4.03 396 3.87 371 3.67 3.61 3.36 351 345 339 333
10 6.94 5.46 4.83 447 4,24 4.07 3.95 3.85 378 372 3.62 3.52 342 3.37 3.31 3.26 320 3,14 3.08
11 6.72 5.26 4.63 4.28 4.04 3.88 3.6 3.66 3.59 3.53 3.43 3.33 323 3.17 3.12 3.06 3.00 2.94 2.88
Y 6.55 510 4.47 4.12 3.89 3.73 3.61 351 344 337 3.28 3.18 3.07 3.02 2.96 2,91 2.85 279 292
:-3’ 13 6.41 497 4.35 4.00 an 3.60 3.48 339 331 3.25 3.15 3.05 295 2.89 2.84 278 272 2.66 2.60
,‘é 14 6,30 4.86 4.24 3.89 3.66 3.50 3.38 329 321 3.15 3.05 2.95 2.84 2.79 213 2.67 .2.61 2.55 249
§ 15 6.20 477 4,15 3.80 3.58 3.41 .3.29 3.20 3.12 3.06 2.96 2.86 276 2,70 2.64 2.59 2.52 246 2.40
é)l 16 6.12 4.69 4,08 3.73 3.50 334 322 3.12 1 3.05 299 2.89 279 2.68 2.63 2.57 2.51 245 2.38 2.32
£ 17 6.04 4,62 401 3.66 3.44 3.28 3.16 3.06 2.98 292 2,82 272 262 2.56 2,50 2.44 2.38 232 225
:°: 13 598 4.56 395 3.61 3.38 322 3.10 3.01 2.93 2.87 277 2.67 2.56 2.50 244 2,38 232 236 2.19
‘% 19 592 4.51 3.90 3.56 333 3.1 3.05 2.96 2.88 2.82 232 2.62 2.51 245 2.39 2.33 227 220 2.13
£ 20 587 4.46 3.36 3.51 3.29 3.13 3.01 291 2.84 277 2.68 2.57 246 241 2.35 229 222 216 2.09
B 21 5.83 442 3.82 3.48 3.25 3.09 297 2.87 2.80 273 2.64 2.53 2.42 237 2.31 225 2.18 211 2.04
§ 22 579 4.38 378 344 322 3.05 293 2.84 2.16 2.70 2.60 2.50 . 2.39 2.33 2.27 221 2.14 2.08 2.00
g” 23 335 4.35 375 341 3.18 3.02 290 2.81 273 2.67 2,57 2.47 2.36 2.30 2.24 2.18 211 2.04 197
24 572 4.32 172 3.38 315 2.99 2.87 278 270 2.64 2.54 2.44 233 2.27 221 2.15 2.08 2.01 1.94
25 5.69 429 3.649 335 3.13 2.97 2.85 275 2.68 261 2.51 2.41 2.30 2.24 2.18 212 2.05 198 1.91
26 5.66 4.27 3.67 333 3.10 2.94 2.82 2,73 2.65 2.59 249 2.39 2.28 222 2.16 2.09 203 195 - 1.88
27 5.63 4.24 365 3.31 3.08 2.92 2.80 27 2.63 257 247 2.36 225 2.19 2.13 2.07 2.00 193 1.85
28 5.61 422 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 2.88 276 2.67 2.59 2,53 2.43 232 221 2.15 209 2.03 1.96 1.89 1.81
30 557 4,18 3.59 325 3.03 2.87 2775 2.65 2.57 251 2.41 2.31 2.20 2.14 2.07 201 1.94 1.87 1.79
40 542 4.05 3.46 3.13 2.90 2.74 2.62 2.53 245 2.39 2.29 2.18 2.07 2.01 1.94 1.88 1.80 1.72 1.64
60 5.29 393 334 3.01 279 2.63 2.51 241 2.33 227 2.17 2.06 1.94 1.88 1.82 174 1.67 1.58 148
120 515 3.80 3.23 2.89 2.67 2.52 239 2.30 222 2.16 2.05 1.94 1.82 1.76 1.69 1.61 1.53 1.43 1.31
o 5.02 1.69 3.12 279 2.57 2.41 229 2.19 211 2.05 1.94 1.83 171 1.64 1.57 1.48 1.39 1.27 1.00
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IV. Percentage Points of the F Distribution (continued)
F 001 v,y
», Degrees of Freedom for the Numerator (v,)
Vs 1 2 3 4 5 [ 7 8 9 10 12 15 20 24 30 40 60 120 0
1 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 9930 9933 99.36 99.37 99.39 99.40 9942 9943 99.45 99.46 99.47 9947  99.48 99.49  99.50
3 M12 3082 29.46 28.71 2824 2781 21467 2749 21.35 2123 2705 2687 26.69 26.00 26.50 26.41 2632 2622 2613
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
5 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 1375 1092 9.78 9.15 8.75 8.47 826 8.10 7.98 7.87 .12 7.56 7.40 7.31 7.23 1.14 7.06 6.97 6.88
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 3.91 582 5.74 5.65
g 11.26 865 7.59 7.01 6,63 6.37 6.18 6,03 5.91 5.81 5.67 5.52 5.36 5.28 5.20 512 5.03 4.95 4.86
9 10.56 8.02 6.99 6.42 6,06 5.80 5.61 547 5.35 526 5.11 4.96 4.81 4.73 4.65 4.57 448 440 4.31
10 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 494 485 47 456 441 433 425 4.17 4.08 4.00 3.91
11 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.4 4.63 4.54 4.40 4.25 4.10 4.02 3.94 3,86 378 3.69 1.60
g‘ 12 9.33 6.93 5,95 541 5.06 4.82 4.64 4.50 4.39 4.30 4.16 4,01 3.86 378 3.70 .62 3.54 345 3134
g 13 9.07 6.70 374 521 4.86 4.62 4.44 4.30 4.1 4.10 3.96 3.82 3.66 3.59 3.51 343 334 3.25 317
“é 14 8.86 6.51 5.56 5.04 4.69 4.46 428 4.14 4.03 3.94 3.80 3.66 3.51 343 3.35 3.27 3.18 3.09 3.00
g 15 £.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 3.21 313 3.05 2.96 2.87
a 16 8.53 6.23 5.29 477 4.44 4.20 4.03 3.89 3.78 3.69 3.55 341 326 3.18 3.10 3.02 2.93 2.84 2775
£ 17 &40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 359 346 3.31 3.16 3.08 3.00 292 283 275 2.65
Z 18 8.29 6.01 5.09 4.58 4.25 4.01 3.84 371 3.60 351 37 3.23 3.08 3.00 292 2.84 2.75 2.66 257
_g 19 8.18 5.93 5.01 4.50 4.17 3.94 37 363 352 343 3.30 3.15 3.00 292 2.84 2.76 2.67 2.58 249
‘% 20 8.10 5.85 4.94 4.43 4.10 387 3.70 3.56 346 3.37 3.23 3.09 294 2.86 238 2.69 2.61 2.52 242
4 21 8.02 5.78 4.87 4.37 4.04 381 3.64 351 3.40- 331 317 3.03 2.88 2.80 272 2.64 2.55 246 2.36
§ 22 7.95 572 4.82 4,31 3.99 3.76 3.59 3.45 335 3.26 312 2.98 2.83 2.75 2.67 2,58 2.50 2.40 2.31
Eo 23 7.88 5.66 4.76 4.26 3.4 37N 3.54 341 330 321 307 293 2.78 2.70 2.62 2.54 245 2.35 2.26
Ao 7.62 5.61 4.1 422 3.90 3.67 3350 3.36 3.26 3.17 3.03 289 274 2.66 2.58 249 240 231 220
25 777 5.57 4.68 4.18 3.85 3.63 3.46 332 3.22 3.13 2.99 2.85 270 2.62 2.54 2.45 2.36 2.27 2.17
26 712 5.53 4.64 4.14 3.82 3.59 342 3.29 3.18 3.09 2.96 2.81 2.66 2.58 2.50 242 233 2.23 2.13
27 7.68 5.49 4.60 4.11 378 3.56 3.39 3.26 3,15 3.06 2.93 2,78 2.63 2.55 247 2.38 2.29 2.20 2.10
28 7.64 545 4,37 4.07 315 3.53 336 3.23 312 3.03 2.90 275 2.60 2.52 244 2.34 2.26 2.17 2.06
29 7.60 5.42 4.54 4.04 373 3.50 3.33 3.20 - 3.09 3.00 2.87 273 257 2.49 241 2.33 2.23 2.14 2.03
30 7.56 5.39 4.51 4.02 3.70 3.47 3.30 317 3.07 2.98 2.84 270 2.55 247 2.39 2.30 2.21 2.11 201
40 731 5.18 4.31 3.83 3.51 3.29 312 2.99 2.89 280 2.66 2.52 2.37 2.29 2.20 2.11 2.02 1.92 1.80
60 7.08 4,98 413 3.65 334 3.12 295 2.82 272 2,63 2.50 235 220 2.12 2.03 1.94 1.84 1.73 1.60
120 6.85 4.79 395 3.48 3.17 2.96 2719 2.66 2.56 247 234 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 2.51 241 2.32 2.04 1.88 1.78 170 1.59 147 1.32 1.00
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VII. Percentage Points of the Studentized Range Statistic®

ool P f)
2
f 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20
1 90 135 164 186 202 216 227 237 246 253 260 266 272 272 282 286 290 294 298
2 140 19.0 223 24.7 26.6 28.2 29.5 30.7 317 32.6 334 314 34.8 35.4 36.0 36.5 37.0 375 379
3 826 106 12.2 133 14.2 15.0 15.6 16.2 16.7 17.1 17.5 17.9 182 18.5 18.8 19.1 19.3 19.5 198
4 651 812 917 996 106 11.1 11.5 11.9 12.3 12.6 12.8 13.1 133 13.5 13.7 13.9 14.1 142 144
5 570 6.97 7.80 8.42 8.91 9.32 9.67 997 1024 1048 1070 1089 11.08 1124 1140 11.55 11.68 11.81.11.83
6 524 6.33 7.03 7.56 7.97 8.32 8.61 8.87 9.10 9.30 - 9.49 9.65 9.81 995 10.08 10.21 1032 1043 1054
7 495 592 654 7.01 7.37 7.68 794 8.17 8.37  8.55 8.71 8.86 9.00 812 924 9.35 946 955 9.65
8 474 5.63 6.20 6.63 6.96 124 747 7.68 7.87 8.03 8.18 8.31 8.44 8.55 8.66 8.76 8.85 894 9.03
9 460 5.43 5.96 6.35 6.66 6.91 7.13 7.32 7.49 7.65. 71.78 7.91 8.03 8.13 8.23 8.32 .41 849 8.57
10 448 527 597 614 6.43 6.67 687 7.05 721 136 7.48 7.60 7.71 7.81 791 7.99 8.07 8.15 822
11 4.39 5.14 562 597 6.25 6.48 6.67 6.84 6.99 7.13 7.25 7.36 7.46 7.56 7.65 7.73 7.81 788 795
12 432 5.04 5.50 5.84 6.10 632 6.51 6.67 6.81 6.94 7.06 7.17 7.26 7.36 7.44 7.52 °1.59 7.66 773
13 426 4.96 540  5.73 5.98 6.19 6.37 6.53 6.67 6.79 6.90 7.01 7.10 7.19 7.27 7.34 742 748 155
14 4721 4.89 532 563 5.88 6.08 6.26 6.41 6.54 6.66 6.77 6.87 6.96 7.05 7.12 7.20 7.27 733 139
15 4.17 4.83 525 556 5.80 589 6.16 6.31 6.44  6.55 6.66 6.76 6.84 693 7.00 7.07 714 720 1726
16 4.13 478 5.19 549 5.72 5.92 6.08 6.22 6.3% 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 5.14 543 5.66 5.85 6.01 6.15 6.27 6.38 648 6.57 6.66 673  6.80 6.87 694 700 705
18 4.07 4.70 5.09 5.38 5.60 579 594 6.08 6.20 6.31 6.41 6.50 ° 6.58 6.65. 0672 6.79 6.85 691 696
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 4.64 502 529 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
24 396 454 491 5.17 5.37 554 5.69 5.81 592  6.02 6.11 6.19 6.26 6.33  6.39 6.45 6.51 6.56 6.61
30 3.89 4.45 480 5.05 5.24 5.40 5.54 5.65 576 5.85 593 6.01 6.08 6.14 6.20 6.26 6.31 6.36 6.41
40 3382 4.37 470 493 5.11 5.27 5.39 5.50 5.60 5.69 5.77 5.84 5.50 5.96 6.02 6.07 6.12 6.17  6.21
60 376 4.28 4.60 4.82 4.99 5.13 5.25 5.36 5.45 5.53 5.60 567 5.73 579 5.84 5.89 5.93 598 6.02
120 370 420 4.50 4.71 4.87 5.01 5.12 521 5.30 5.38 5.44 551 556 5.61 5.66 37 575 579 5.83
oo 3.04 4,12 440 460 4.76 4.88 499 5.08 5.16 523 5.29 5.35 5.40 5.45 5.49 5.54 5.57 561 5.65

f = degress of freedom.

"From J. M. May, “Extended and Corrected Tables of the Upper Percentage Points of the Studentized Range,” Biomerrika, Vol. 39, pp. 192-193, 1952. Reproduced by permission of the
trustees of Blomerrika.
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VII. Percentage Points of the Studentized Range Statistic {continued)

Goos( D f)
P

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

1 181 267 328 372 405 431 454 473 491 506 519 532 543 554 563 572 580 588 596
2 6.09 3.28 9.80 10.89 11.73 1243 13.03 1354 1399 1439 1475 1508 1538 1565 1591 16.14 16306 16.57 1677
3 450 5.88 683 751 8.04 8.47 8.85 9.18 946 9.72 995 1016 1035 1052 10.69 10.84 1098 11.12 1124
4 393 5.00 576 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
5 364 4.60 522 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 8.12 821
6 346 4.34 490 531 5.63 5.89 6.12 6.32 6.49 6.65 6.79 6.92 7.04 7.14 724 7.34 743 751 759
7 334 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 17.16
3 326 4.04 453 4.89 5.17 540 5.60 577 5.92 6.05 . 6.18 6.29 6.39 6.48 6.57 6.65 6.73 6.80 6.87
9 320 3.95 442 476 5.02 5.24 543 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 3.5 3.88 4.33 4.66 491 5.12 5.30 546 5.60 5.72 5.83 5,93 6.03 6.12 6.20 6.27 6.34 641 647
11 3.11 3.82 426  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 6.20 627 633
12 308 377 420 451 4,75 4.95 5.12 527 5.40 5.51 5.61 5.71 5.80 5.88 5.95 6.02 6.09 6.15 621
13 3.06 373 415 446 4.69 4.88 5.05 5.19 532 543 5.53 5.63 571 579  5.86 5.93 6.00 606 6.11
14  3.03 370 4.11. 441 4.64 4.83 4,99 5.13 525 5.36 5.46 5.56 5.64 5.72 5.79 5.86 5.92 598 6.03
15 3.01 3.67 4.08 437 4,59 478 4,94 5.08 5.20 5.31 5.40 5.49 5.57 5.65 572 5.79 5.85 591 596
16 3.00 3.65 ‘&,_9:5, 4.34 4.56 474 490 5.03 5.15 5.26 5.35 5.44 5.52 5.59 5.66 5.73 5.79 5.84 590
17 298 3.62 4,02 431 4.52 4.70 4.86 4.99 5.11 5.21 531 539 547 5.55 5.61 5.68 574 579 584
18 2.97 361 400 428 449 4,67 4.83 4.96 5.07 5.17 5.27 5.35 543 550 557 5.63 5.69 574 579
19 296 3.59 398 4.26 4.47 4.64 479 4.92 504 5.14 5.23 5.32 5.39 5.46 5.53 5.59 5.65 570 5.75
200 295 3.58 396 424 4.45 462 477 4,90 5.01 5.11 5.20 528 536 5.43 5.50 5.56 561 566 571
24 292 3.53 3590 4.17 4.37 454 468 4.81 4.92 5.01 5.10 5.18 5.25 5.32 5.38 5.44 5.50 555 5.59
30 2.89 3.48 384 411 4.30 4.46 4.60 4,72 4.83 4.92 5.00 5.08 5.15 5.21 5.27 5.33 5.38 543 548
40 2.86 344 3.79 4.04 4.23 4.39 4.52 4.63 474 4.82 4.90 4.98 5.05 5.11 5.17 5.22 5.27 532 5.36
60 2.83 3.40 3.74 3.98 4.16 431 4.44 4.55 4.65 4.73 4.81 4.88 4.94 5.00 5.06 5.11 5.15 520 524
120 2.80 3.36 3.69 3.92 4.10 4.24 4,36 4,47 4.56 4.64 471 478 . 4.84 4.90 4.95 5.00 5.04 5.09 5.13
o 2.77 3.32 3.63 3.86 403 4.17 4.29 439 447 4.55 4.62 4,74 | 4.80 4.84 4.98 493 497 501
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VIII.  Critical Values for Dunnett’s Test for Comparing Treatments with a Control®

dygste — 1.1)

Two-S8ided Comparisons

. APPENDIX

623

a = 1 = Number of Treatment Means (excluding control)

f 1 2 3 4 5 6 7 8 9
5 2.57 3.03 3.29 3.48 3.62 3.73 3.82 3.90 397
6 245 2.86 3.10 3.26 3.39 3.49 3.57 3.64 371
7 2.36 275 2.97 312 3.24 3.33 341 3.47 3.53
8 2.31 2.67 2.88 3.02 3.13 3.22 3.29 3.35 341
9 2.26 2.61 2.81 298 3.05 3.14 3.20 3.26 332

10 2.23 2.57 2.76 2.89 2.99 3.07 314 3.19 324

11 2.20 2.53 2.72 2.84 2.94 3.02 3.08 3.14 3.1%

12 2.18 2.50 2.68 2.81 2.90 2.98 3.04 3.09 314

13 2.16 2.48 2.65 2.78 2.87 2.94 3.00 306 3.10

14 2.14 2.46 2.63 275 2.84 2.91 2.97 3.02 3.07

15 2.13 244 2.61 2.73 2.82 2.89 2.95 3.00 3.04

16 2.12 242 2.59 2n 2.80 2.87 292 297 3.02

17 2.11 2.41 2.58 2.69 2.78 2.85 290 295 3.00

18 2.10 240 2.56 2.68 2.16 2.83 2.89 2.94 2.98

19 2.09 2.39 2.55 2.66 275 2.81 2.87 292 2.96

20 2.09 2.38 2.54 2.65 2.73 2.80 2.86 2.90 285

24 2.06 235 2.51 2.61 2.70 2.76 2.81 2.86 2.90

30 2.04 2.32 247 2.58 2.66 2.72 277 2.82 . 286

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 2.69 273

0 1.96 2.21 2.35 2.44 2.51 2.57 2.61 2.65 2.69

dogy(@ — L.f)
Two-Sided Comparisons
a — 1 = Number of Treatment Means (excluding control)

f 1 2 3 4 5 6 7 8 9
5 4.03 463 498 522 5.41 5.56 5.69 5.80 5.89
6 37N 421 4,51 4.71 4.87 5.00 5.10 5.20 528
7 3.50 3.95 421 4.39 4.53 464 4.74 482 4.89
8 336 3.7 4,00 4.17 429 4.40 448 4.56 4.62
9 325 3.63 3.85 4,01 4.12 422 430 4.37 4.43

10 3.17 3.53 374 3.88 3.99 4.08 4.16 4.22 428

11 3.11 3.45 365 379 3.89 3.98 4.05 411 4.16

12 3.05 3.39 358 37 3.81 3.89 3.96 4.02 4,07

13 3.01 3.33 3.52 3.65 3.74 3.82 389 3.94 3.99

14 2.98 3.29 3.47 3.59 3.69 376 3.83 3.88 393

15 2.95 3.25 343 3.55 3.64 3.71 3.78 3.83 3.88

16 2.92 322 3.39 351 3.60 3.67 3.73 3.78 3.83

17 2.90 3.19 3.36 347 3.56 3.63 3.69 3.74 379

18 2.88 3.17 333 3.44 3.53 3.60 3.66 in 375

19 2.86 3.15 3.31 38 3.50 3.57 3.63 3.68 372

20 2.85 313 3.29 3.40 348 3.55 3.60 3.65 3.69

24 2.80 3.07 3.22 332 3.40 347 3.52 3.57 3.61

30 275 3.01 315 3.25 3.33 3.39 3.44 3.49 3.52

40 2.70 2.95 3.09 3.19 3.26 332 337 3.41 344

60 2.66 2.90 303 312 3.19 325 3.29 333 3.37

120 2.62 . 2.85 2.97 3.06 3.12 3.18 3.22 3.26 3.28

@ 2.58 2.79 292 3.00 3.06 3,11 315 3.19 322

[ = degrees of freedom.

“Reproduced with permission from C. W. Dunnett, “New Tables for Multiple Comparison with 2 Control,” Biomet-
rics, Vol. 20, 1\391 ;5, 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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V1II. Critical Values for Dunnett’s Test for Comparing Treatments with a Control {continued)

dogsla — 1, F)
One-Sided Comparisons

a — 1 = Number of Treatment Means (excluding control}
f 1 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 2.56 271 2.83 2.92 3.00 3.07 3.12
7
8

1.89 2.27 2.48 2.62 2.73 2.82 2.89 295 3.01
1.86 222 242 2.55 2.66 2.74 2.81 2.87 2.92
9 1.83 2.18 237 2.50 2.60 2.68 275 2.81 2.86

10 1.81 2.15 234 247 2.56 2.64 2.70 276 2.81
i1 1.80 2.13 2.31 2.44 253 2.60 2.67 272 2
12 1.78 2.11 2.28 2.41 2.50 2.58 2.64 2.69 274
13 177 2.09 227 239 248 2.55 2.61 2.66 2.71
14 1.76 2.08 225 2.37 246 2.53 2.59 2.64 2.69

15 1.75 2.07 224 2.36 244 2.51 257 2.62 2.67
16 175 2.06 2.23 2.34 2.43 2.50 2.56 2.61 2.65
17 1.74 205 - 222 233 242 2.49 2.54 2.59 2.64
18 1.73 2.04 221 232 241 248 2.53 2.58 262
19 1.73 2.03 2.20 2.31 240 247 2.52 2.57 2.61

20 172 2.03 2.19 2.30 2.39 2.46 2.51 2.56 2.60
24 171 201 217 2.28 2.36 243 248 253 257
30 1.70 1.99 215 2.25 2.33 240 2.45 2.50 254
40 1.68 197 213 223 2.31 2.37 242 247 2.51
60 1.67 1.95 2.10 221 2.28 2.35 2.39 244 248

120 1.66 1.93 2.08 2.18 2.26 2.32 237 2.41 245
& 1.64 .92 206 216 2.23 2.29 2.34 2.38 242

dog(a— L)

One-Sided Comparisons

a — 1 = Number of Treatment Means (excluding control)
1 2 3 4 5 6 7 8 9

337 3.90 421 443 4.60 4.73 4.85 4.94 5.03
3.14 3.61 3.88 4.07 4.21 433 443 4.51 4.5% i
3.00 3.42 3.66 3.83 3.96 4.07 4.15 4.23 4.30 :
2.90 3.28 3.51 3.67 3.79 3.88 3.96 4.03 4.09 2
2.82 3.19 3.40 3.55 3.66 3.75 3.82 3.89 394 j

f

5

6

7

8

9
10 2.76 3.11 3.31 - 345 3.56 3.64 3.71 3.78 3.83
11 2.72 3.06 3.25 3.38 348 3.56 3.63 3.69 3.74
12 2.68 3.01 3.19 332 3.42 3.50 3.56 3.62 3.67
13 2.65 297 3.15 3.27 337 3.44 3.51 3.56 3.61
14
15
16
17
18
19

2.62 2.94 3.1 3.23 332 3.40 3.46 3.51 3.56~

2.60 2591 3.08 3.20 3.29 336 3.42 347 352
2.58 2.88 3.05 317 3.26 3.33 3.39 3.44 3.48
257 2.86 3.03 3.14 323 3.30 3.36 341 3.45
2.55 2.84 3.01 3.12 321 327 3.33 3.38 342
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 3.17 323 3.29 3.34 338
24 249 2.77 2.92 3.03 3.11 3.17 322 327 331
30 2.46 2.72 2.87 2.97 3.05 3.11 3.16 321 324
40 242 2.68 2.82 2.92 299 3.05 3.10 3.14 3.18
60 2.39 2.64 2.78 2.87 2.94 3.00 3.04 3.08 312

120 2.36 2.60 2.73 2.82 2.89 2.94 2.99 3.03 3.06
o 2.33 256 2.68 277 2.84 2.89 2.93 297 3.00
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§
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b




IX. Coefficients of Orthogonal Polynomials®

n=3 n=4 n=5 n=6 n=7
Xx P P P P, P, P P, P P, P P, P P P P P, P, P, P P
1 —1 1 -3 1 -1 -2 2 ~1 1 -5 5 =5 S R 5 -1 3 -1 1
2 0 -2 -1 -1 3 1 -1 2 -4 -3 -1 7 -3 5 -2 0 -7 4 -6
3 1 1 -1 =3 0o -2 0 6§ -1 -4 4 2 -0 -1 =3 1 1 =5 15
4 1 1 1 ~1 =2 -4 1 -4 ~4 2 10 0 -4 0 6 0 =20
5 2 2 1 1 3 -1 -7 -3 -5 1 -3 -1 5 15
6 5 5 5 1 1 0 -1 ~-7 <4 -6
7 3 5 1 3 1 1
ﬁ) (PP 2 6 20 4 20 10 14 10 70 70 84 180 28 252 28 84 6 154 84 924
=1
A1 302 15 1 1 i % 2 3 3 % B 11 i %5 % &
) n=§ n=9 n=10
X P P P P B P P P, Py P, Ps Py Py Py Py Py Ps P
1 -7 7 -7 7 -7 1 —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 4 -2 14 -1
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 -1 6
5 1 -5 =3 9 15 -5 0 -20 0 18 0 -20 -1 -4 12 18 -6 8 o
6 3 -3 -7 =3 17 9 1 -17 -9 9 9 i 1 -4 12 18 6 ~8 g
7 5 1 =5 —-13 =23 -5 2 -8 =13 -1 4 22 3 -3 31 3 11 6 5
8 7 7 7 7 7 1 3 7 =7 =21 -1 =17 5 -1 =35 =17 1 10 g
9 4 28 14 14 4 4 7 2 —14 =22 -14 -11 B
10 9 6 43 18 6 3
> Pax)P 168 168 264 616 2184 264 60 2772 990 2002 468 1980 330 132 8580 2860 780 660
F=1
A2 1 P % % s L 3 i 5 % & 2 3 i % % 3 .

*Adapted with permission from Biometrika Tables for Statisticians, Vol. 1, 3rd edition by E. 8, Pearson and H. O. Hartley, Cambridge University Press, Cambridge, 1966, Ut




