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Ouestion 1 ‘

Because of petrol price hikes over the past few years, motor car petrol consumption has been subjected to
strong scrutiny. Each car manufacturer claims that the petrol consumption of its own models is lower than
that of other cars with the same cylinder capacity. In order to compare ihe products of four manufacturers,
a car magazine decided to select five recently produced cars from each manufacturer randomly and to
subject the twenty selected cars to identical road tests. The petrol consumptions (/100 km) is given in the
table below.

Manufacturer Petrol consumption of 1 600 cm? cars

Manufacturer 2

Manufacturer 4

a. Test at a 5% level of significance whether there are differences in the petrol consumption of the four
1 600cm® makes. ' |

b. if there are differences, use Tukey’s method of pairwise comparison to indicate all significant
differences. (15+10 marks)

Question 2

The table below represents an observed {4 x 3) factorial experiment with four observations per cell. The
following method was used to compile the table: From each of the twelve sub-populations (four levels of
Factor A and three levels of Factor B) four houses were chosen randomly and the house valuations and
plot sizes were observed.

Valuations (R 1000) of 48 houses

City
(Factor A)

‘ Johannesburg 70.0 154.0 114.0 92.0 306.5 378.0
[17.0 213.0 249.0 147.0 402.0 445.0

“Cape Town  101.0 140.0 195.0 104.5 240.0 50.0
110.0 104.0 280.0 68.0 185.0 479

Test whether Factors A, B and the AB interaction are significant at 5% level of significance.
(25 marks)
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Question 3

The accompanying table shows the duration of both halves of matches in the Currie Cup rugby fixtures,
chosen from the rugby schedule for a particular season. The selection was done randomly, but in such a
way that three matches were refereed by Peter, four by Frank and four by Kevin.

Referee

a) Does the duration of the first and second halves of Currie Cup matches differ (o = 0.05)?
b) Do the three referees differ in their approach to allowing injury time (o = 0.05)?
¢) Isthere any interaction between these two factors (o = 0.05)? (25 marks)

Question 4

An experiment was run in a semiconductor fabrication plant in an effort to increase yield. Five factors,
each at two levels, were studied. The factors (and levels) were A = aperture seiting (small, large), B =
exposure time (20% below nominal, 20% above normal), C = development time (30 s, 45 s), D = mask
dimension (small, large), and E = etch time (14.5 min, 15.5 min). The un-replicated 23 design shows
below was run. :

(1)Y=7 d=8 e=28 de==56
a=19 ad = 10 ae =12 ade = 10

= 34 bd = 32 be =35 bide = 30
ah =55 whd = 50 ahe =52 ahde = 33
g =16 cd =18 ce = 15 cde = 15
ac= 20 acd =21 aee = 22 acde = 20
bhe =40 bhed =44 beoe =45 bede = 41
abc = 60 abcd = 61 ahce =65 abcde = 63

Suppose that it was necessary to run this design in four days with ACDE and BCD (and consequently
ABE) confounded. Analyse the data from this design by:

(a) Setting up the blocking scheme for the 4 days. (10 marks)
(c) Obtaining the sums of squares for all main effects. (15 marks)
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Question 5

The following data are obtained from a 23 factorial experiment replicated three times:

Treatment Combination Replicate 1 Replicate 2 Replicate 3
(D 12 19 10

a 15 20 16
b 24 16 17

ab 23 17 27

C 17 25 2]

ac 16 19 19

be 24 23 29

abc 28 25 20

Evaluate the sums of squares for all factorial effects using the method of contrast, Draw conclusions.
: (25 marks)

END OF EXAM!!!



IV. Percentage Points of the F Distribution®

Wo.u.m&.uu
Dy Degrees of ¥reedom for the Numerator (v))
i 1 2 3 4 5 6 7 8 9 10- 12 i3 20 24 30 40 50 120 ©
1 5.83 7.50 8.20 858 . -8.82 8.98 9.10 9.19 9.26 9.32 941 9.49 5.58 9.63 9.67 9.71 9.76 ¢.80 9.85
2 257 3.00 3.15 3.23 3.28 331 3.34 335 3.37 338 3.39 3.41 3.43 343 3.44 345 346 3.47 348
3 2.02 2.28 2.36 2.39 2.41 2.42 2.43 244 2.44 2.44 2435 246 2.46 2.46 247 247 2.47 247 247
C 4 L81 2.00 2.05 2.06 207 2.08 2.08 2.08 2.08 2.08 2.08 2.08 208 2.08 2.08 208 208 208 2.08
5 1.69 1.85 1.88 1.89 1.8 1.89 1.89 1.89 1.8 1.89 1.89 1.8% 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 1.77 177 177 1.76 1.76 1.75 175 1.75 1.74 1.74 1.74
7 1.57 170 1.72 1.72 1.71- 1.71 1.70 1.70 1.70 1.6% 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 1.63 163 1.62 1.61 1.60 1.60 1.59 1.59 1.58 157 1.56 1.56 1.55 1.54 1.54 1.53 1.53
10 149 1.6¢ 1.60 139 1.59 1.58 1.57 1.56 1.56 1.35 1.54 153 152 1.52 1.51 1.51 1.50 149 148
11 147 1.58 1.58 1.57 1.56 1.55 1.54 - 1.53 1.53 152 1.51 1.50 1.49 1.49 1.48 147 147 1.46 1.45
12 146 1.56 1.56 1.55 1.54 1.53 1.52 1.51 151 1.50 1.49 1.48 1.47 145 145 145 144 1.43 1.42
w\ 13 1.45 1.55 1.5 1.53 1.52 1.51 1.50 1.49 149 1.48 1.47 146 145 1.44 143 1.42 142 141 140
E 14 1.44 1.53 1.53 1.52 1.51 1.50 1.49 1.48 147 1.46 145 144 143 142 141 1.41 140 1.39 1.38
m 15 143 1.52 1.52 1.51 1.48 1.48 147 146 1.46 145 1.44 1.43 141 141 140 1.39 1.38 1.37 1.36
2 16 1.42 1.51 151 1.50 148 147 1.46 145 1.44 144 1.43 141 1.40 1.39 1.38 137 1.36 1.35 1.34
2w 1.42 1.51 1.50 1.49 147 1.46 145 1.44 143 143 141 1.40 139 138 1.37 1.36 1.35 1.34 1.33
& 18 141 1.50 1.4% 1.48 1.46 145 144 143 142 1.42 1.40 1.39 -1.38 1.37 1.36 1.35 1.34 1.33 1.32
g 19 141 149 148 1.47 146 1.44 143 1.42 141 1.41 1.40 1.38 1.37 1.36 1.35 1.34 1.33 132 1.30
m ‘20 140° 1.49 143 1.47 145 1.44 143 142 1.41 1.40 1.39 1.37 1.36 1.33 1.34 1.33 1.32 131 1.29
g 1.40 148 148 1.46 144 1.43 142 1.41 1.40 1.39 1.38 1.37 1.35 1.34 1.33 132 131 1.30 1.28
m 22 140 1.48 147 145 1.44 142 141 1.40 1.39 1.39 1.37 1.36 1.34 1.33 1.32 131 1.3¢ 1.29 1.28
g 23 1.39 1.47 147 145 1.43 1.42 141 1.40 1.39 1.38 1.37 1.35 1.34 1.33 132 131 1.30 1.28 137
& 24 1.39 147 1446 id4 143 141 1.40 139 1.38 1.38 1.36 135 1.33 1.32 1.31 1.30 1.29 1.28 1.26
25 1.39 147 1.46 1.44 142 1.41 140 1.39 1.38 137 1.36 1.34 1.33 1.32 131 1.29 1.2§ 1.27 1.25
26 1.38 1.46 145 144 142 1.41 1.39 1.38 1.37 137 1.35 1.34 1.32 1.31 1.30 1.29 1.28 1.26 125
27 1.38 1.46 145 1.43 142 140 1.39 1.38 1.37 1.36 135 1.33 1.32 131 1.30 1.28 1.27 126 1.24
28 1.38 146 145 143 141 1.40 139 138 137 1.36 1.34 1.33 131 130 1.29 1.28 1.27 125 1.24
29 1.38 1.45 145 143 141 1.40 138 1.37 1.36 1.35 1.24 1.32 131 1.30 1.29 127 1.26 1.25 1.23
30 1.38 145 144 142 141 1.39 1.38 1.37 1.36 1.35 1.34 1.32 1.30 129 1.28 127 1.26 1.24 123
40 1.36 1.44 142 1.40 1.39 1.37 1.36 1.35 1.34 1.33 131 1.30 1.28 1.26 1.25 124 122 121 1.19
60 1.35 1.42 141 1.38 1.37 1.35 133 1.32 131 1.30 1.29 1.27 1.25 1.24 1.22 121 1.19 1.17 115
120 1.34 140 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.28 1.26 1.24 1.22 1.21 1.19 1.18 1.16 113 1.10
L 132 1.39 1.37 1.35 1.33 131 1.29 1.28 127 1.25 124 122 1.19 1.18 1.16 1.14 1.12 1.08 1.00

v = degrees of freedom

‘Adapted with permission from Biometrika Tables for Statisticians, Vol. 1, 3rd edition by E. 5. Pearson and H. O. Hartley, Cambridge University Press, Cambridge, 1966.
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V.

Percentage Points of the F Distribution (continued)
F 0.10,v;,,

Degrees of Freedom for the Numerator (3;)

¥ 1 2 3 4 5 6 7 ] 9 10 12 15 20 24 30 40 60 120 [l
1 30.86 4950 53.59 55.83 57.24 3820 5891 59.44 59.86 60.19 6071  61.22 61.74 62.00 6226 6253 6279 63.06 63.33
2 8.53 9.00 0.16 9.24 9.29 9.33 9.35 937 9.38 9.39 9.41 9.42 9.44 G.45 9.46 5.47 947 9.48 9.49
3 5.54 546 5.39 534 5.31 5.28 527 525 S.24 5.23 522 5.20 5.18 5.18 5.17 516 515 5.14 313
4 4.54 432 419 411 4.05 4.01 3.98 3.95 3.54 3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.79 3.78 376
5 4,06 378 3.62 352 345 3.40 3.37 3.34 3.32 3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.14 3.12 3.10
6 378 3.46 3.20 318 31 3.05 3.01 2.98 2.96 2.94 290 2.87 2.84 2.82 2.80 278 276 274 272
7 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 272 270 2.67 2.63 2.59 2.58 2.56 2.54 2.51 249 247
8 346 3.11 292 2.81 2.73 2.67 2.62 2.59 2.36 2.54 2.50 2.46 242 240 2.38 236 2.34 2.32 2.29
9 3.36 3.01 2.81 2.69 2.61 2.35 2.51 247 244 2.42 2.38 234 230 2.28 2.25 223 2.21 "2.18 2.16
10 3.29 2.52 273 2.61 2352 246 241 2.38 235 232 2.28 2.24 2.20 2.18 2.16 213 211 2.08 2.06
11 323 2.86 2.66 2.54 245 2.3% 2.34 2,30 2.27 2.25 2.21 2.17 212 2.10 2.08 2.05 203 2.00 197
312 3.18 2.81 2.61 248 239 233 2.28 224 221 219 215 2.10 2.06 2.04 2.01 159 1.96 1.93 1.90
:m\ 13 3.14 276 2.56 243 2.35 2.28 2323 2.20 2.16 2.14 2.10 2.03 201 1.98 196 1.83 1.90 1.88 1.85
E 14 3.10 2.73 2.52 2.39 231 2.24 2.19 2.15 212 2.10 2,03 2.01 1.96 194 191 189 1.86 1.83 1.80
m 15 3.07 2.70 249 2.36 2.27 2.21 2.16 2.12 2.09 2.06 2.02 1.97 1.92 1.50 1.87 1.35 1.82 179 176
g 16 3.08 2.67 246 2.33 2.24 2.18 2.13 2.09 2.06 2.03 1.99 194 1.89 1.87 184 1.81 178 175 1.72
=z 17 3.03 2.64 244 231 2.22 2,15 2.10 2.06 2.03 2.00 1.96 191 1.86 1.84 1.81 1.78 1.75 1.72 1.68
m 18 3.01 2.62 242 2.29 226 2.13 2.08 2.04 2.00 1.98 193 189 1.84 1.81 1.78 1.75 1.72 1.69 1.66
W. 19 299 2.61 240 2.27 2.18 2.11 206 2.02 198 1.96 191 1.86 1.81 1.79 1.76 173 1.70 1.67 1.63
.m 20 2.97 2.59 2.38 225 2.16 2.09 2.04 2.00 1.96 1.94 1.8% 1.84 .79 177 1.74 171 1.68 164 1.61
cF,H 21 296 2.57 2.36 2.23 2.14 2.08 202 1.98 1.5 1.92 187 1.83 1.78 175 1.72 1.69 1.66 162 1.59
m 22 2.95 2.56 2.35 222 213 2.06 201 1.97 193 1.90 1.86 1.81 1.76 173 1.70 1.67 1.64 1.60 137
B 23 2.94 2.55 234 221 2.11 2.05 1.99 1.96 192 1.89 1.84 1.80 1.74 L2 1.69 166 1.62 1.59 1.55
A 24 2.93 2.54 2.33 219 2.10 2.04 1.98 1.94 191 1.88 1.83 178 173 1.70 1.67 1.64 1.61 1.57 153
25 2.92 2,53 232 2.18 2.0% 202 197 193 1.89 1.87 1.82 77 172 1.69 1.66 1.63 1.5¢ 1.36 1.52
26 291 2.52 231 2.17 2.08 2 1.96 192 1.88 1.86 1.81 176 1.7% 1.68 1.65 161 158 154 1.50
27 290 251 2.30 217 2.07 2.00 1.95 191 1.87 1.85 1.80 175 170 1.67 1.64 1.60 157 1.53 149
28 2.89 2.50 2.29 2.16 2.06 2.00 194 1.90 1.87 1.84 179 1.74 1.69 1.66 1.63 1.59 1.56 152 148
- 29 2.89 2.50 2.28 215 2.06 1.99 193 1.89 1.86 1.83 178 173 1.68 1.65 1.62 1.58 1.55 151 147
30 2.88 2.49 2.28 2.14 2.03 198 1.93 1.88 L85 182 177 172 1.67 1.64 151 157 154 150 146
40 2.84 2.44 2.23 2.0% 2.00 1.93 1.87 1.83 L79 1.76 171 1.66 1.61 157 154 151 1.47 142 138
60 2.79 2.39 2.18 2.04 1.85 '1.87 1.82 L77 1.74 171 1.66 160 154 1.51 1.48 144 1.40 135 1.29
120 2.75 235 213 1.99 1.8¢ 1.82 177 172 1.68 1.63 1.60 155 148 1.45 1.41 1.37 1.32 126 1.1%
0 271 230 2.08 1.94 1.85 17 172 1.67 1.63 1.60 1.35 1.49 1.42 138 134 130 124 L17 1.00
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IV. Percéntage Points of the F Distribution {continued)

mm. 0.05,,v2
b2 Degrees of Freedom for the Numerator (1} .
¥y 1 - 2 3 4 3 6 7 8 9 10 12 - 15 20 24 30 40 &0 120 =

1614 1985 2157 2245 2302 2340 2368 2388 240.5 2419 2439 2459 248.0 249.1 250.1 2511 2522 2533 ) 2543
1851 19,008 1916 19.25 1530 1933 1835 19.37 19.38 19.40 16.41 19.43 19.435 19.43 19.46 1947 1948 19.4% 14.50

[

3 10.13 '9.55 9.28 6.12 9.01 8.94 8.89 8.85 8.81 879 874 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.53 v.m
14 771 694 - 659 638 6.26 6.16 6.09 . 6.04 6.00 5.96 581 5.86 5.80 57 595 572 5.6 5.66 563 %
- 5 6.61 5.79 541 519 5035 4.95 4.88 4.82 477 4.74 4.68 4.62 4.56 4.53 450 - 446 4.43 440 4.36 Z
6 5.99 5.14 4,76 4353 4.39 428 4.21 4.15 4.10 4.06 4.00 3.94 3.87 3.84 3.81 3.77 3.74 370 3.67 <
7 5.59 4.74 435 4.12 3.97 3.87 319 373 3.68 3.64 3.57 351 344 341 3.38 3.34 3.30 3.27 3.23 m
8 532 446 4.07 3.84 3.69 3.58 3.50 344 3.39 3.35 3.28 322 3.15 312 3.08 3.04 3.01 2.97 2.93
9 512 426 3.86 3.63 3.48 3.37 329 3.23 3.18 3.14 3.07 301 2.94 2.90 2.86 2.83 2.79 275 27
‘Ho , 496 - 410 371 3.48 3.33 322 3.14 3.07 3.02 2.8 2.91 2.85 2117 2.74 2.70 2.66 2.62 2.58 2.54
i1 4.84 3.98 359 . 336 3.20 3.09 3.01 295 2.90 2.85 2.79 272 2.65 261~ 257 2.53 249 2.45 240

i2 475 389 349 3.26 311 3.00 291 2.85 2.80 2.5 2.69 2.62 2.54 2.51 247 2.43 238 2.34 2.30
13 4.67 3.81 3.41 3.18 3.03 2.92 283 -2 27 2.67 2.60 2.53 2.46 242 2.38 2.34 230 225 2.21
14 4.60 3.74 334 31 2.96 2.85 276 270 2,65 2.60 2.53 2.46 2.39 235 231 2.27 222 2.18 2.13

15 4.54 3.68 3.29 3.06 290 2.79 271 2.64 2.5% 2.54 243 2.40 233 2.29 2.25 2.20 2.16 211 2.07
14 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 254 249 242 2.35 2.28 2.24 2.19 2.15 2.11 2.06 2.01

17 445 3.59- 3.20 2.96 2.81 270 2.61 2.55 249 245 2.38 231 2.23 2.19 2.15 2.10 2.06 2.01 1.96

441 3.55 3.16 293 277 2.66 2.58 2.51 2.46 2.41 2.34 227 2.19 2.15 211 206 2.02 1.97 192
19 4.38 3.52 3.13 2.80 2,74 2.63 2.54 248 242 2.38 231 223 2.16 211 2.07 2.03 1.98 1.93 1.88
20 435 349 3.10 2.87 27 260 251 245 2.39 2.35 2.28 2.20 212 2.08 2.04 1.99 1.95 1.80 1.84
21 432 347 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 1.87 181
22 4.30 3.44 3.05 2.82 2.66 2.53 246 2.40 2.34 2.30 2.23 2.15 207 2.03 1.98 1.94 1.89 - 1.84 1.78

23 4.28 342 3.03 2.80 2.64 2.53 244 2.37 2.32 227 2.20 2.13 2.03 2.01 1.96 191 1.86 1.81 1.76
24 4.26 3.40 3.01 2.78 2.62 2351 2.42 2.36 230 225 2.18 211 2.03 1.98 1.94 1.89 1.84 179 1.73

25 4.24 339 0 299 2.76 2.60 2.49 240 2.34 2.28 2.24 216 209 2.01 1.96 1.92 157 1.82 177 171
26 423 337 298 274 2.59 247 2.39 232 2.27 2.22 215 2.07 199 183 150 1.85 1.80 1.75 1.69
27 421 3.35 2.96 2.73 2.57 2.46 237 231 2.25 2.20 213 2.06 1.97 1.93 1.88 1.84 1.7% 173 1.67
28 420 334 2.95 27 2.56 245 2.36 2.28 2.24 2,19 212 204 186 191 1.87 1.82 1.77 1.71 1.65
29 418 333 2.93 2,70 2.55 243 235 2.28 222 2.18 2.10 2.03 1.94 1.0 1.85 1.81 1.75 170 1.64

30 417 332 2.2 2.69 2.53 242 2.33 2.27 221 2.16 2.09 2.01 193 . 189 1.84 L1 1.74 1.68 1.62
40 408 3.23 2.84 2.61 245 2.34 2.25 218 212 2.08 200 192 1.84 179 174 1.69 1.64 1.58 1.51
60 4.00 3.15 2.76 253 2.37 2.25 237 2.10 2.04 1.99 1.92 1.84 173 170 1.65 1.59 1.53 1.47 139
120 392 307 2.68 245 2.28 2.17 2.09 2.02 1.96 191 1.83 1.75 1.66 1.61 1.55 155 1.43 1.35 1.25
L 3.84 3.00 2.60 2.37 2.21 2.10 201 1.94 1.88 1.83 1.75 1.67 1.57 152 1.46 139 - 132 1.22 1.00

Degrees of Freedom for the Denominator (v;)
=




IV. Percentage Points of the F Distribution (continued)

. Fo.025,0,.
I Degrees of Freedor for the Numerator (7}
Yy 1 2 .3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o
1 6478 7995 8642 8996 921.8 0371 9482 956.7 963.3 968.6 976.7 9849 9931 997.2 1001 1006 1610 1014 1018
Z 3851 3900 39.17 38.25 3830 3933 3936 39.37 39.3% 39.40 3941 3943 39.45 3046 3946 3947 3948 3949 30.50
3 1744 16.04 1544 1510 14.88 1473 1462 14.54 1447 1442 1434 14325 14.17 14,12 14.08 1404 1399 1395 15380
4 1222 10.65 998 9.60 9.36 9.20 9.07 898 8.90 8.84 8.5 8.66 8.56 8.51 846 841 836 831 8.26
5 10.01 843 178 7.39 7.15 6.98 6.85 6.76 6.68 6.62 6.52 6.43 6.33 6.28 623 6.18 6.12 6.07 6.02
6 8.31 7.28 6.60 623 5.99 5.82 570 5.60 5.52 546 537 5.27 5.17 512 5.07 5.01 4.96 4.90 4.85
7 8.07 6.54 5.89 552 5.2% 512 4.99 4.90 4.82 4.7 4.87 4.57 447 4.42 4,36 431 4.25 4.20 4.14
8 7.57 6.06 542 5.05 4.82 4.65 4.53 4.43 4.36 4,30 420 4.10 4.00 395 3.89 384 3.78 373 3.67
9 7.21 371 5.08 472 4.48 432 420 410 . 4.03 3.96 3.87 3.77 367 3.61 3.56 3.51 345 339 3.33
10 6.94 5.46 4.83 4.47 424 4.07 3.85 3.83 3.78 372 3.62 3.52 342 3.37 331 3.26 3.20 314 3.08
. 11 672 526 4.63 428 4.04 3.38 3.76 3.66 3.59 3.53 343 3.33 323 3.17 3.12 3.06 3.00 254 2.88
P12 6.55 5.10 4.47 412 3,89 373 3.61 351 344 3.37 3z 3.18 307 302 2.96 291 2.85 279 272
W\. 13 4] n..w_u_ 435 4.00 377 0 3.60 348 3.39 3.31 3.25 315 3.05 295 2.89 2.84 2.78 2.72 2.66 2.60
..m 14 5.30 4.36 424 3.89 3.66 3.50 3.38 3.29 3.21 3.15 ) 3.05 2.95 284 279 273 2.67 2.61 235 2,49
m 15 6.20 477 4£.15 3.80 3.58 3.41 3.29 320 3.12 3.06 2.96 2.86 276 270 2.64 2.59 2.52 246 240
A 16 6.12 4.69 408 3.73 3.50 3.34 322 312 - 305 2.99 2.89 279 2.6% 2.63 2.57 2.51 245 238 232
m 17 6.04 4.62 4.01 3.66 3.44 3,28 316 3.06 258 292 2,82 292 2.52 2.56 250 2.44 2358 232 225
£ 13 5.98 4.55 395 3.61 3.38 332 3.10 301 2.93 287 277 2.67 256 2.50 244 2.38 232 2.26 2.1%
.m 1v 592 451 3.90 3.56 333 3.17 3.05 296 2.88 2.82 272 2.62 251 2.45 239 2.33 227 2.20 2.13
Mm 20 5.87 446 3.86 3.51 329 3.13 3.01 2.91 2.84 277 2.68 2.57 246 2.41 2.35 2.29 232 2.16 2.09
B 21 5.83 442 3.82 348 325 3.09 297 o287 2.80 273 2.64 2.53 242 237 231 235 2.18 211 2.04
m 22 579 4.38 3.78 344 3.22 3.05 293 2.84 275 2.70 2.60 2.50 2.39 233 2.27 221 2.14 208 2.00
Wa 23 595 435 375 341 3.18 3.02 2.50 2.81 2713 2.67 257 247 2.36 2.30 2.24 2.18 z2.11 2.04 197
24 512 432 372 7 338 315 2.99 2.87 2.78 276 2.64 2.54 244 2.33 227 221 215 2.08 .2.01 194 >
25 5.69 429 3.69 3.35 3.13 297 2.85 273 268 261 2.51 241 2.30 224 . 218 212 2.05 198 191 M
26 5.66 427 - 5.67 3.33 3.10 2.94 2.82 273 2.65 2.59 2.49 2.39 2.28 2.22 216 2.09 2.03 1.95 1.88 jual
7 5.63 4.24 3.65 3.31 3.08 252 2.80 271 2.63 257 247 2.36 2.25 2.19 2.13 2.07 2.00 1.93 1.85 m
28 5.61 4,22 3.63 329 3.06 2.90 2.78 2.69 2.61 255 2.45 134 2.23 217 2.11 2.05 1.98 181 1.83 m
. 29 5.59 4.20, L.61 327 3.04 2.88 216 2.67 2.59 2.53 243 232 221 213 2.09 2.03 1.96 1.3% 1.81 ’
30 5.57 4.18 3.59 325 3.03 2.87 275 2.65 2.57 251 241 231 2.20 2.14 2.07 201 1.94 1.87 1.79
43 542 4.05 3.46 3.13 2.90 274 2.62 253 245 2.39 2.28 2.18 2.07 201 1.94 1.88 1.80 .72 1.64
" 50 5.29 3.83 334 M 2.79 2.63 251 NL..._ 2.33 2.27 217 206 194 1.88 1.82 1.74 1.67 1.58 1.48
120 515 3.80 323 2.89 2.67 2.52 2.39 2.30 2722 2.16 205 . 154 1.82 176 1.69 161 153 143 1.31 ™
o2 5.02 3.69 3.12 279 2.57 2.41 229 2.19 2.11 2.05 194 1.83 171 164 1.57 1.48 1.39 1.27 1.00 H
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VII. Percentage Points of the Studentized Range Statistic®
Goo{ P )

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

1 90 135 164 135 202 216 227 237 246 253 260 266 272 272 282 286 290 294 298

2 140 19.0 223 247 266 282 295 307 317 326- 334 314 348 354 3690 365 370 373 379
3 826 106 122 133 4.2 130 156 162 w7 171 175 17.9 i82 185 188 9.1 193 195 1938
4 651 812 9317 99 106 111 115 119 123 126 128 131 13.3 135 137 139 141 142 144
mm.qom.mqq.mow.hwm.ﬁ w.mww.mqobﬂHob\_.Ho.hmHo.q_)uo.mwﬂ.omS.MA.C.A.QC.mm:.mmHH.mHE.@w
m
q
m

524 633 703 7356 797 832 861 887 910 930 949 965 981 095 1008 1021 1032 1043 1054
495 592 654 701 737 768 794 817 837 855 871 886 9.00 012 924 935 946 955 0965
474 563 620 663 696 724 747 768 787 803 818 831 844 855 8§66 876 885 894 9.03
9 460 543 3596 635 6.66 6.1 7.3 732 749 765 778 791 3.03 813 823 832 841 849 857
10 448 527 577 614 643 667 687 705 721 736 748 760 771 781 791 799 807 815 822

11 439 514 562 397 625 648 667 684 6989 713 725 736 746 756 7.65 773 781 788 795
12 432 504 5350 3584 610 632 6351 667 681 694 706 707 726  T36 744 752 759 766 773
13 426 49 540 573 598 6.19 637 653 667 679 6950 701 710 719 727 734 742 748 755
4 421 489 532 563 588 6.08 626 641 654 666 677 687 696 705 7.2 720 727 733 739
15 417 483 525 556 580 599 616 631 644 655 6.66 676 684 693 7.00 .07 714 720 726

16 413 478 519 549 572 592 608 622 635 646 656 666 674 682 690 697 703 709 715
17 410 474 514 543 566 585 601 615 627 638 648 657 666 673 680 6.87 694 7.00 7.05
18 407 470 509 538 560 579 5% 608 620 631 6.41 630 638 665 672 679 6.85 691 696
i9 405 467 505 533 555 573 589 602 614 625 634 643 651 6.58 6.65 672 678 6.84 6.89
20 402 464 502 529 551 5.69 584 597 609 619 629 637 645 652 659 6.65 671 676 682

24 396 454 491 517 537 554 569 .58l 592 602 611 619 626 633 639 645 651 656 6.61
: 30 389 445 480 505 524 3540 554 565 576 585 593 601 608 614 620 626 631 636 641
40 382 437 470 493 511 527 539 550 560 569 577 584 590 596  6.02 607 612 617 621
60 376 428 460 482 499 513 525 536 545 5353 560 567 573 579 584 589 0 593 598 602
120 370 420 450 471 487 501 512 521 530 538 544 551 556 561 5.66 571 595  57% 583
w364 412 440 460 476 488 459 508 516 523 529 535 540 545 549 554 557 561 565

XIONHd4ddV

f= degress of freedom.

“From I. M. May, “Extended and Corrected Tables of the Upper Percentage Points of the Studentized Range,” Biometrikg, Vol. 39, pp. 192-193, 1952. Reproduced by permission of the
trustees of Biometrika.
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VII. Percentage Points of the Studentized Range mnmnm.mn (continued)

“oos( P 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

2 609 828 980 1089 1173 1243 13.03 1354 1399 1439 1475 1508 1538 1565 1591 1614 1636 1637 1677
3 450 588 683 751 804 847 885 018 946 972 995 10.16 1035 1052 1069 1084 1098 1112 11.24
4 393 500 576 631 673 7.06 735 760 7.83 803 821 837 852 867 &80 892 903 9.4 924
5 364 460 522 5.67 603 633 658 680 699 7.7 732 747 760 772 783 793 803 812 821
6 346 434 490 531 563 58F 612 632 649 665 679 692 7.04 704 724 734 743 751 739
7 334 416 468 S06 535 550 S80 599 615 629 642 654 665 675 684 693 701 708 716
§ 326 404 453 489 517 540 560 577 582 605 618 629 639 648 657 665 673 680 687
9 320 305 442 . 476 502 524 543 560 574 587 598 609 619 628 636 644 651 658 6.65
10 3.15 3.8% 433 466 491 512 530 546 560 572 583 593 603 612 620 627 634 641 647
11 3.1 3.82 426 458 482 503 520 535 549 561 571 581 590 598 606 614 620 627 633
12 308 377 420 451 475 495 512 - 527 540 551 561 571 580 58 595 602 609 615 621
13 306 373 415 446 469 483 505 519 532 543 553 563 571 579 586 593 600 606 6.11
14 303 370 411 441 464 483 499 513 525 536 546 556 564 572 579 58 592 598 6.03
15 301 367 408 437 459 478 494 508 520 531 540 549 557 565 572 579 585 591 596
16 3.00 365 405 434 456 474 490 503 515 526 535 544 552 559 566 573 579 584 590
17 298 362 402 431 4352 470 486 499 511 521 531 539 547 555 561 568 574 579 584
18 297 361 400 428 449 467 483 496 507 517 527 535 543 550 557 563 569 574 579
19 2.96 359 398 426 447 464 470 492 504 - 514 523 532 530 546 553 559 565 570 575
20 295 358 396 424 445 462 477 490 501 511 520 528 536 543 550 556 561 566 571
24 292 353 390 417 437 454 468 481 492 501 510 518 525 532 538 544 550 555 5.59
30 289 348 384 411 430 446 460 472 483 492 500 508 515 521 527 533 538 543 548
40 286 344 379 404 423 439 452 463 474 482 490 498 505 511 517 522 527 532 536
60 283 340 374 398 416 431 444 455 465 473 481 488 494 500 506 511 515 520 524
120 2.80 336 360 392 410 424 436 447 456 464 471 478 484 490 495 500 504 509 5.3
277 332 363 386 403 4317 429 439 447 455 462 468 474 430 484 498 493 497 501

779
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VIII.  Critical Values for Dunnett’s Test for Cﬁmparing Treatments with a Control?

dogsla — L, f)

Two-Sided Comparisons

APPENDIX’
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a — 1 = Number of Treatment Means (excluding control)

f 1 2 3 4 5 6 7 8 9
5 2.57 3.03 3.29 348 3.62 373 3.82 3.90 3.97
6 2.45 2.86 3.10 326 3.39 3.49 3.57 3.64 37
7 2.36 275 2.97 3.12 324 3.33 341 3.47 3.53
8 2.31 2.67 2.88 3.02 3.13 322 329 3.35 341
g 2.26 2.61 2.81 2.95 3.05 3.14 3.20 3.26 3.32

10 2.23 2.57 276 2.89 2.99 307 3.14 3.19 3.24

11 2.20 2.53 272 2.84 294 . 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 2.16 248 2.65 2.78 2.87 2.94 3.00 3.06 3.10

14 2.14 246 2.63 2.75 2.84 2.91 2.97 3.02 3.07

15 2.13 2.44 2.61 273 2,82 2.89 2.95 3.00 3.04

16 2.12 242 2,59 2 2.80 2.87 2.92 2.97 .3.02

17 2.11 2.41 258 269 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 2,66 275 2.81 287 2.92 2.96

20 2.09 2,38 2.54 2.65 2.73 2.80 2.86 290 .2.85

24 2.06 2.35 2.51 2,61 270 2.76 2.81 2.86 '2.90

3G 2.04 232 247 2.58 2:66 272 297 2.82 2.86

40 2.02 229 2.44 2.54 2.62 2.68 2.73 2.77 2.81

60 2.00 227 241 251 2.58 2.64 2.69 273 277

120 1.98 2.24 2.38 2.47 2.55 2.60 2.65 2.69 273
® 1.96 2.21 2.35 2.44 2.51 2.57 2,61 2.65 2.69
dooila — 1, f)

Two-Sided Comparisons

a — 1 = Number of Treatment Mecans {excluding control)

S 1 2 3 4 5 6 7 8 9
5 4.03 4.63 4.98 522 541 5.56 5.69 5.80 5.89
6 3.71 4.21 4.51 4.71 4.87 5.00 5.10 5.20 528
7 3.50 3.95 4.21 4.39 4.53 4.64 474 4.82 4.89
8 3.36 377 4.00 4,17 4.29 4.40 4.48 4.56 4.62
9 3.25 3.63 3.85 4.01 4,12 422 4.30 4.37 443

10 3.17 3.53 374 3.88 3.99 4.08 4.16 4.22 428

11 311 345 3.65 3.79 3.89 3.98 S 4.05 4.11 4.16

12 3.05 339 3.58 371 381 3.89 396 4.02 4.07

13 3.01 3.33 3.52 3.65 374 3.82 380 394 3.99

14 298 3.29 347 3.59 3.69 376 3.83 3.88 3.93

15 2.95 3.25 3.43 3.55 3.64 371 3.78 3.83 3.88

16 2.92 322 3.39 3.51 3.60 3.67 3.73 3.78 3.83

17 2.90 3.19 3.36 347 3.56 3.63 3.60 3.74 379

18 2,88 3.17 333 344 3.53 3.60 3.66 371 375

19 2.86 3.15 3.31 342 3.50 3.57 3.63 3.68 372

20 2.85 313 3.29 3.40 3.48 355 3.60 3.65 3.69

24 2.80 .3.07 322 3.32 340 347 3.52 3.57 3.61

30 2,75 3.01 3.15 3.25 3.33 3.39 3.44. 349 352

40 2.70 2.95 3.09 3.19 326 332 337 341 344

60 2.66 2,90 .3.03 3.12 319 - 3325 329 © 333 337

120 2.62 2,85 297 3.06 3.12 3.18 322 3.26 329

0 2.58 279 2.92 3.00 3.06 in 315 319 322

S = degrees of freedom.

“Repr()ci‘uced with permission from C. W. Dunnett, “New Tables for Multiple Comparison with a Control,” Biomet-
ries, Vol. 20, No. 3, 1964, and from C. W. Dunnett, “A Multiple Comparisqn Procedure for Comparing Several
Treatments with a Control,” Journial of the American Statistical Assoctation, Vol, 50, 1955.
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VIIL  Critical Values for Dunnett’s Test for Coraparing Treatments with a Control (contiﬁued)

“dygsta — 1, f)
One-Sided Comparisons

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

b 1 2 3. 4 5 6 7 8 9
5 2.02 2,44 2.68 2.8 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 1.89 2.27 248 2.62 2.73 2,82 2.89 2.95 3.01
8 1.86 2.22 242 2.55 2.66 274 2.81 2.87 2,92
o 1.83 218 . 237 250 2.60 2.68 2.75 2.81 2.86

10 1.81 2,15 2.34 247 2.56 2.64 270 276 2.81

11 1.80 213 . 231 2.44 2.53 2.60 2.67 272 277

12 1.78 211 2,29 241 2.50 2.58 2.64 2.69 2,74

13 177 2.09 227 2.39 2.48 2.55 2.61 2.66 2.71

14 176 2.08 2.25 2.37 2.46 2.53 2.59 2,64 2.69

i5 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 2,34 243 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 2.04 221 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

24 1.71 2.01 2.17 28 2.36 2.43 2.48 2.53 2.57

30 1.70 1.99 2.15 255( 2.33 2.40 245 2.50 2.54

40 1.68 1.97 2.13 2723 231 237 242 2.47 2,51

60 1.67 1.95 2.10 2.21 2.28 2.35 2.39 2.44 248

120 1.66 1.93 2.08 2.18 2.26 2,32 2.37 241 2.45
o0 1.64 1.92 2,06 2.16 223 229 234 2.38 2.42
dogla— 1,1)

One-Sided Comparisons

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

I 1 2 3 4 5 6 7 8 9
5 3.37 3.90 4.21 4.43 4.60 473 4.85 4,94 5.03
& 3.14 3.61 3.88 4,07 4,21 433 4.43 451 4.50
7 3.00 342 366 - 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 3.66 375 3.82 3.89 3.94

10 2.76 3.11 3.31 345 3.56 3.64 371 3,78 3.83

11 2.72 3.06 - 3.25 338 3.48 3.56 3.63 3.69 3.74

12 2.68 3.01 3.19 3.32 342 3.50 ‘3.56 3.62 3.67

13 2.65 2.97 315 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 3.56

15 2.60 2.91 3.08 3.20 3.29 3.36 3.42 347 3.52

16 2.58 2.88 3.05 317 3.26 333 | 339 344 3.48

17 2.57 2.86 3.03 3.14 3.23 3.30 3.36 341 3.45

18 2.55 2.84 3.01 3,12 321 327 3.33 3.38 342

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 3.08 317 3.23 3.20 3.34 3.38

24 249 277 2.92 3.03 3.11 3.17 3.22 3.27 3.31

30 246 272 2.87 2.97 3.05 3.11 3.16 321 3.24

40 2,42 2.68 2.82 2.92 2.99 3.05 3.10 3.14 3.18

60 2.39 2.64 278 287 2.94 3.00 o 3.04 3.08 312

120 2.36 2.60 2.73 2.82 2.89 2.94 2.99 3.03 3.06

] 2.33 2.56 2,68 2,77 2.84 2.89 293 2.97 3.00




