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COURSE CODE: ST 404
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<INSTRUCTION: 1. ANSWER ANY FOUR QUESTIONS:

2. EACH QUESTION CARRIES 25 MARKS.

SPECIAL REQUIREMENTS: SCIENTIFIC CALCULATORS AND GRAPH PAPER
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Question 1

Three varieties of potatoes are being compared for yield. An experiment was conducted using 9 uniform
plots at each of the 4 different locations. Each variety of potato was planted at each location on 3 plots
selected at random. The yields in kg/plot were as follows:

Location Variety
A B C
1 15 20 22
19" 24 17
12 18 14
2 17 29 26
10 18 19
13 22 : 21
3 9 12 10
12 15 5
6 10 i 8
4 14 21 19
8 16 15
1] 12 12
Use 0.05 level of significance to test the hypotheses that:
(@) There is no difference in the yielding capacities of the 3 varieties of potatoes. (8 marks)
(b) Different locations have no effect on the yields. (7 marks)
(b) The locations and varieties of potatoes do not interact. (10 marks)
Question 2

A study was undertaken to investigate the water holding capacity of the soil in three different areas of
Woodlands. In each area, a number of soil samples were collected randomly and sent to the same

laboratory for analysis. The following table gives the water holding capacity (in milliliter per gram) of
soil samples collected in each area.

WoodlandeA: 72 51 38 87 77 65 70 66 64 74
Woodlands B: 35 33 29 50 44 17 47 58
Woodlands C: 54 62 88 65 80 53

(a) State and explain a linear model, which can be used for a one-way analysis of variance. Explain -
clearly what each term in the model represents and state any assumptions required for the analysis

to be valid. (l-ﬂ'?rtarks)
(b) Carry out a suitable analysis of the data, stating the assumptlons you have made and explaining
what you conclude as a result of your analysis. (15 marks)



Question 3
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The following table presents scores of 9 college students of different ethnic backgrounds and professional
interests who did a Mature Entry Aptitude test for admission to the University of Swaziland.

Programme Swazi _| South African Zimbabwean
Agriculture A (75) B (86) C (69)
Law B (95) C (@9 A (86)
Engineering C (70) A (83) 1 B©3)

The letter A, B, and C indicate venues in which the 9 students wrote. Analyse the data using «=0.05 and
test the hypotheses that:

(a) Writing in different venues has no effect on the scores of students. (9 marks)
(b) Different ethnic background has no effect on the scores. (8 marks)
(c) Differences in professional interests have no effect on the scores. (8 marks)

Question 4 -

(a) The effects of baking temperature on the crustiness of bread are contained in Table 1. The data are
scores from 1 to 20.

Temperature
Low Medium High
Batch 1 Batch 2 Batch 1 Batch 2 Batch | Batch 2
4 12 14 9 14 16
7 8 13 10 17 19
5 10 11 12 15 18

Use an ANOVA to test for temperature effects; use o = 0.05. State the alternatives, decision rule and
conclusion. (12 marks)

(b) An experiment involving the case hardening of lightweight shafts machined from alloys bars of an
alloy was run to study the effects of the amount of a chemical agent added to the alloy in a molten
state (factor A), the temperature of the hardening process (factor B), and the time duration of the
hardening process (factor C) on the outside hardness shaft. All factors were at 2 levels(1: low,
2:high), and the number of rods tested for each treatment was n = 3. The data on hardness (in
Brinell units) follow:

k=1 k=2

=1 =2 j=1 =2

i=1 39.9 33.5 56.0 70.9

' 323 50.7 56.9 73.7
36.3 52.8 56.6 71.6 .

1=2 45.2 63.3 69.4 82.9

48.0 65.5 66.6 85.2

47.5 63.6 68.8 82.3

Test for three-factor interactions; use o = 0.05. State the alternatives, decision rule, and conclusions.
(13 marks)
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(a) Divide the treatment combinations of a 2* factorial experiment into four blocks by confounding ABC
and ABD. What additional effect is also confounded with blocks? (12 marks)
(b) Consider a 2° experiment where the experimental runs are on 4 different machines. Use the machines
as blocks, and assume that all main effects and two-factor interactions may be important.

(i) Which runs would be made on each of the 4 machines? (8 marks)
(11) Which effects are confounded with blocks? (5 marks)
. END OF EXAM!!



“APPENDIX 607

II1. Percentage Points of the y* Distribution®

o
k 995 .550 975 .950 .500 050 025 010 .005
1 0.00 + 0.00+ 0600+  0.00+ 0.45 384 s 6,63 7.88
2 0b1 0.02 0.05 0.10 1.3% 599 7.38 821 10.60
3 0.07 0.11 0.22 0.35 2.37 7.81 9.35 11.34 12.84
4 0.21 0.30 0.48 0.71 3.36 9.49 1114 1328 14.86
5 0.41 0.55 - 0.83 1.15 4.35 11.07 1238 15.09 16.75
6 0.68 0.87 1.24 1.64 5.35 12.59 1445 1681 18.55
7 0.99 124 .. . 169 . =217 6.35 14.07 16.01 18.48 20.28
8 1.34 1.65 2.18 2.73 7.34 1551 17.53 2009 21.96
9 1.73 2.05 2.70 333 8.34 16.92 19.02 2167 23.59
10 2.16 - 2.56 3.25 3.54 9.34 18.31 20.48 2321 25.19
11 2.60 3.05 3.82 4.57 10.34 19.68 2192 2472 26.76
12 3.07 3.57 4.40 523 11.34 21.03 2334 2622 28.30 :
13 357 4.11 5.01 5.89 12,34 22.36 24774 27.69 29.82 .k
14 4.07 4.66 5.63 6.57 13.34 23.68 26.12 29.14 31.32 :
15 4.60 5.23 . 6.27 7.26 14.34 25.00 2749 3058 32.80 3
16 5.14 5.81 6.91 7.96 15.34 26.30 2885  32.00 34.27 f
17 5.70 6.41 7.56 8.67 16.34 2759 2019 3341 35.72
18 6.26 7.01 8.23 9.39 17.34 28.87 3153 3481 37.16
19 6.84 7.63 8.91 10.12 18.34 30.14 3285  36.19 38.58
20 7.43 8.26 8.59 10.85 19.34 3141 3417 3757 40.00
25 1052 11.52 13.12 (m 24.34 37.65 40.65 4431 46.93
30 1379 14.95 16.79 : 18.49) 29.34 4377 4698  50.89  53.67
40 2071 22.16 2443 26.51 39.34 55.76 59.34¢  63.69  66.77
- 50 2799 29.71 3236 34.76 49.33 67.50 7142 7615 79.49
B 60 3553 3748 40.48 43.19 59.33 79.08 8330 8838 5195
70 4328 4544 48.76 51.74 '69.33 90.53 95.02 10042 10422
80 5117 53.54 57.15 60.39 79.33  101.88 106.63 11233 116.32

950  5%.20 6175 - 6563 69.13 89.33 11314 11814 124.12 12830
100 67.33 70.06 74.22 77.93 99.33 12434 12056 135.81 140.17

¥ = degrees of freedom

“Adapted with permissiod 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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IV. Percentage Points of the F Distribution (continued)
F 010,301
” Degrees of Freedom for the Numerator (v)
Iy 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o
1 39.86 4%.50 5359 55.83 57.24 5820 5891 59.44 59.86 60.19 60.71 61.22 61.74 62.00 62.26 62.53 62.79 63.06 63.33
2 8.53 9.00 9.16 9.24 9.2¢ 9.33 9.35 9.37 9.38 9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.48 9.49
3 5.54 5.46 538 5.34 531 5.28 521 5.158 5.24 5.23 522 5.20 5.18 5.18 5.17 5.16 5.15 5.14 5.43
4 4.54 4,32 419 4.11 405 4,01 398 395 3.94 3.92 390 .87 3.84 3.83 382 7 380 379 3.78 3.76
5 4.06 3.78 3.62 352 345 340 337 31.34 332 3.30 327 124 321 3.19 317 316 314 312 3.10
[ 378 346 329 3.18 31 3.05 3.01 2.98 2.96 2.94 2.90 2.87 2,84 282 « 280 , 278 276 2.74 272
7 3.59 3.26 3m 2.96 2.88 2.83 278 275 272 2,70 267 2.63 2.59 2.58 2.56 2.54 2.51 2.49 247
8 3.46 311 292 2.81 2.73 2.67 2.62 2.59 2.56 2.54 2.50 2.46 242 240 238 2.36 234 2.32 2.29
9 336 3.01 2.81 2.69 2,61 2.55 251 2.47 244 242 2.38 2.34 230 2.28 225 223 2.21 2.18 2,16
¢ 3.29 292 273 2.61 252 246 2.41 2.38 235 2.32 2.28 2.24 2.20 2,18 2.16 2.13 2.11 2.08 2.06
i1 323 2.86 2.66 2.54 245 239 234 2.30 227 2.25 221 2.17 2.12 2.10 2.08 2.05 2.03 2.00 1.97
T 12 3.8 2.81 2.61 248 239 233 2.28 2.24 2.21 2.19 2.15 2.10 2.06 2.04 201 1.99 1.96 1.93 1.50
13 314 2.76 2.56 243 235 228 223 220 2,16 2.14 2.10 2,05 201 1.98 1.96 193 1.90 1.88 1.85
% 14 3.10 .73 2.52 2.39 231 224 2.19 2.15 212 2,10 2.05 2,01 1.96 1.94 1.91 1.89 1.86 1.83 1.80
E 15 307 2.70 2.49 2.36 2.27 221 2,16 2,12 209 2.06 2,02 1.97 192 1.90 1.87 1.85 1.82 1.79 1.76
Q‘m’ 16 3.05 2.67 246 2.33 224 2.18 2.13 2.0% 2.06 2.03 1.99 1.94 1.89 1.87 1.84 .81 178 1.75 1.72
¥ 17 303 2.64 244 231 222 2.15 2.10 2.06 2,03 2.00 1.96 1.91 1.86 1.84 1.81 1.78 175 1.72 1.69
5 8 ;M 2.62 242 229 220 2.13 2,08 2.04 2.00 1.98 1.93 1.89 1.84 1.8t 1,78 175 1.72 1.69 1.66
E 19 2.99 261 240 227 2.18 2.11 2,06 2.02 1.98 1.96 1.91 1.86 1.81 1.7¢9 1.76 1.73 1.70 1.67 1.63
g .
"ﬁ 20 2.97 2.59 238 2.25 2.16 2.09 2,04 2.00 1.96 1.94 1.89 1.84 179 .7 1,74 1.71 1.68 1.64 1.61
’;5 21 296 2,57 2.36 223 2.14 2.08 2,02 1.98 1.95 1.92 1.87 1.83 1.78 1.75 1.72 1.69 1.66 1.62 1.59
o 295 2.56 2.35 2.22 2.13 2.06 2.01 197 1.93 1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.64 1.60 1.57
g, 23 2.94 2.55 234 221 211 2.05 1.99 1.96 1.92 1.89 1.84 1.80 1.74 172 1.69 1.66 1.62 1.59 155
A M 293 254 233 2.19 2.10 2.04 1.98 1.4 1.91 1.88 1.83 178 1.73 1.70 1.67 1.64 1.61 1.57 1.53
25 292 253 232 2.18 2.09 2.02 197 1.93 1.89 1.87 1.82 1.77 1.72 1.69 1.66 1.63 1.59 1.56 1.52
26 2.9 2.52 231 2.17 2.08 201 1.96 192 188 °  L1.86 1.81 1.76 1.7 168 ° 165 1.61 1.58 .54 1.50
27 2.90 2.51 230 2.17 2.07 2.00 1.95 191 1.87 1.85 1.80 1.75 1.70 1.67 1.64 1.60 1.57 1.53 1.49
28 2.89 2.50 229 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.79 1.74 1.69 1.66 1.63 1.59 1.56 1.52 148
29 2.89 2.50 2.28 2.15 2.06 199 1.93 189 1.86 1.83 1.78 1.73 1.68 1.65 1.62 1.58 1.55 L.51 147
30 2.88 249 2.28 2.14 2.03 1.98 1.93 1.88 1.85 1.82 1.77 1.72 1.67 1.64. 1.61 1.57 1.54 1.50 1.46
40 2.84 244 223 2.09 2.00 1.93 1.87 1.83 1.79 1.76 171 166 161 1.57 1.54 1.51 1.47 1.42 1.38
60 2.79 239 2.18 2.04 1.95 1.87 1.82 177 1.74 171 1.66 1.60 1.54 1.51 1.48 1.44 1.40 1.35 1.29
120 275 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.60 1.55 1.48 1.45 141 1.37 1.32 1.26 119
271 2.30 2.08 1.94 1.85 L1 1.72 1.67 1.63 1.60 1.55 1.49 142 1.38 134 1.30 1.24 1.17 1.00
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IV. Percentage Points of the F Distribution (continued)
F 0.05,m,,0
1y 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 L
1614 1995 2157 2246 2302 2340 2368 2389 2405 2419 2439 2459 2480 2491 250.1 2511 2522 2533 2543
2 - 185t 19.00*  19.16 19.25 1936 1933 1935 19.37 19.38 1940 1941 1943 19.45 19.45 19.46 1947 1948 1949 1950
3 10.13 9.55 9.28 9.12 9.01 894 8.89 8.85 8.81 8.79 8.74 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.53
14 ™ 6.94 6,59 639 6.26 6.16 6.09 6.04 6.00 5.96 591 5.86 5.80 5717 5.75 5.72 5.69 5.66 5.63
5 6.61 579 541 5.19 5.05 495 4.38 4.82 4.77 474 4.68 4.62 4.56 4.53 4.50 4.46 4.43 4.40 4.36
6 5.59 514 4.76 4.53 4.39 428 4.21 4.15 4.10 4.06 4.00 3.94 387 3.84 3.81 377 3.74 3.70 3.67
7 5.59 4,74 435 4.12 397 3.87 3.79 3.73 3.68 3.64 3.57 3.51 344 341 338 334 3.30 3.27 3.23
8 532 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 335 3.28 3.22 315 3.12 3.08 3.04 3.01 2.97 293
9 5.12 4.26 3.86 3.63 348 337 3.29 3.23 3.18 3.14 3.07 3.01 2.94 2.94, 2.86 2.83 279 2.75 271
10 4.96 4.10 an 3.48 333 322 3.14 307 3.02 298 2.91 2.85 277 2.74 270 266 2.62 2.58 2.54
1 4.54 3.98 159 3.36 320 3.09 . 301 2.95 290 2.85 2.79 "272 2.65 2.61 257 2.53 2.49 245 240
T 12 475 3.89 3.49 3.26 3.11 3.00 291 2.85 2.80 2.75 2.69 2.62 2.54 2.51 2.47 2.43 238 2.34 2.30
g 13 4.67 3.81 341 3.18 3.03 2.92 2.83 bkl 2.1 2.67 2.60 2.53 246 242 2.38 2.34 2.30 2.25 221
g 4.60 314 334 3011 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.45 2.39 235 231 227 2.22 2.18 2.13
g 15 4.54 3.68 329 .06 2.90 279 2171 264 2.59 2.54 248 240 2.33 229 2.25 2.20 2.16 211 2.07
a 16 4.49 3.63 3.24 3.01 2.85 2.4 2.66 2.59 2.54 2.49 242 235 228 224 2.19 2.15 2.11 2.06 2.01
£ 17 4,45 3.59 3.20 2.96 2.81 210 261 2.55 2.49 245 238 231 223 219 2,15 210 2.06 20 1.96
& 18 441 3.55 3.16 2.93 277 2.66 2.58 2.51 2.46 241 2.34 2.27 2.19 2.15 211 2.06 2.02 1.97 192
E 19 438 3.52 313 290 274 2.63 2.54 2.48 242 2.38 2.31 223 2.16 211 2.07 203 1.98 1.93 1.88
g 20 4.35 349 3.10 2.87 271 2.60 2.51 245 2.39 235 228 2.20 212 2.08 204 1.99 1.95 1.90 1.84
% 2 432 34 3.07 2,84 2.68 2.57 249 242 2.37 232 225 2,18 2,10 2.05 2.01 1.96 1.92 1.87 1.81
o 22 430 344 3.05 2.82 2.66 2.55 2.46 2.40 234 2.30 2.23 2.15 2.07 2.03 1.98 1.94 1.89 1.84 1.78
ii,, 23 428 342 3.03 2.80 2.64 2.53 2.44 237 2.32 2.27 2.20 2.13 2.05 2.01 1.96 1.91 1.86 1.81 1.76
A 4,26 3.40 3.01 2.18 1.62 251 242 2.36 230 2.25 2.18 211 2.03 1.98 1.94 1.89 1.84 1.79 1.73
25 4.24 339 2.99 2.76 2.60 249 2.40 234 2.28 2.24 2.16 2,09 2.01 1.96 192 1.87 1.82 .77 1.71
26 423 337 298 214 2.59 247 2.39 232 2.27 222 2.15 207 1.99 1.95 1.90 1.85 1.80 1.75 1.69
7 4.21 3.35. 296 273 2.57 2.46 2.37 231 225 2.20 2.13 2.06 1.97 193 1.88 1.84 1.79 1.73 1.67
28 4.20 3.34 2.95 271 2.56 245 2.36 229 224 .19 212 2.04 1.96 131 1.87 1.82 L7 LN 1.65
29 4.18 333 293 270 2.55 243 2.35 2.28 2.22 2.18 210 2.03 1.94 1.90 1.85 1.81 1.75 1.70 1.64
30 417 332 292 269 253 242 233 2.27 221 2.16 2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.68 1.62
40 4.08 3.23 2.84 261 245 . .34 2.25 218 2.12 2.08 2.00 1.92 1.84 1.79 1.74 1.69 1.64 1.58 1.51
&0 4.00 3.15 2.6 2.53 2.37 225 2.17 210 2.04 199 1.92 1.84 175 1.70 1.65 1.59 1.53 1.47 1.39
120 3.92 3.07 2.68 245 2.29 2.17 209 2.02 1.96 151 1.83 1.75 1.66 1.61 1.55 1.55 143 1.35 1.25
o0 3.84 300 2.60 2.37 221 2.10 0 1.94 1.88 1.83 1.75 1.67 1.57 1.52 1.46 1.39 1.32 122 1.00
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IV. Percentage Points of the F Distribution {continued)
Fo.05 5,0
v, Degrees of Freedom for the Numerator (vy)
vy 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 o
{ 647.3 799.5 864.2 899.6 921.8 9371 948.2 936.7 963.3 958.6 976.7 984.9 993.1 997.2 1001 1006 1010 1014 1018
2 38.51 39.00 3917 39.25 39.30 39.33 39.36 39.37 39.39 39.40 3941 39.43 39.45 39.46 39.46 3947 3948 39.49 39.50
3 17,44 16.04 1544 15.10 14.88 14.73 14.62 14.54 14.47 1442 1434 14,25 14.17 i4.12 14.08 14.04 13.99 13.95 13.90
4 12.22 10.65 9.98 9.60 9236 9.20 207 8.98 8.90 8.84 8.75 8.66 8.56 8.51 8.46 841 8.36 831 8.26
5 10.01 843 7.76 139 7.15 6.98 6.85 6.76 6.68 6.62 6.52 6.43 6.33 6.28 6.23 6.18 6.12 6.07 6.02
6 8.31 126 6.60 6.23 599 5.82 570 5.60 552 5.46 537 5.%7 5.17 5.12 507 5.01 496 4.90 4 85
7 8407 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82 4,76 4.67 4.57 4.47 4,4'2 4.36 4.31 4,25 4.20 4,14
8 157 6.06 542 5.05 482 4.65 4.53 4,43 4.36 430 420 4.10 4.00 395 .89 3.84 378 373 3.67
9 7.21 5.71 5.08 472 4.48 432 . 420 4.10 4.03 3.96 3.87 377 3.67 3.61 3.56 3.51 345 3.39 3.33
10 6.94 5.46 4.83 4.47 424 407 195 3.85 378 3.72 3.62 3.52 342 337 331 3.26. 3.20 3.14 3.08
11 6.72 526 4.63 4.28 4.04 3.88 3.76 3.66 3.59 3.53 343 133 3.23 317 312 3.06 3.00 2.94 2.88
TR 6.55 510 4.47 4.12 3.89 3.73 3.61 3.51 344 3.37 328 318 .07 3.02 2.96 291 2.85 279 2.72
g 13 6.41 497 4.35 4.00 kN 31.60 348 3,39 331 3.25 3.15 3.05 2.95 2.89 2.84 278 272 2.66 2.60
:',‘3: 14 6,30 4.86 424 3.89 3.66 350 338 3.29 321 315 305 295 2.84 2.79 273 2.67 2.61 2.55 2.49
E’ 5 6.20 477 4,15 3.80 3.58 341 .3.29 3.20 312 3.06 2.96 2.86 2.76 270 2.64 2,59 2.52 2.46 2.40
Lg 16 6.12 4.69 408 373 3.50 334 322 112 1 3.08 2.99 2.89 279 2.68 2.63 2.57 2.51 245 2.38 232
E 17 6.04 4,62 4,01 3.66 344 328 316 .06 2.98 2.92 2.82 272 2.62 2.56 2.50 244 2.38 2.32 2.25
‘E 18 598 4.56 395 361 138 322 310 3.01 2.93 2.87 277 2.67 2.56 2.50 244 138 232 2.26 2.1%
g 19 592 451 3.90 31.56 333 3.17 3.05 2.96 2.88 2.82 272 2.62 2.51 245 239 2,33 227 2.20 2.13
}; 20 5.87 446 3.86 351 3.29 3.13 301 291 2.84 277 2.68 2.57 2.46 241 2.35 2.29 222 2.16 2.09
v 2 5.83 442 3.82 348 125 3109 257 2.87 2.80 2.713 2.64 253 2.42 2.37 2.31 2.25 2.18 2.11 2.04
33 22 579 438 378 3.44 3.22 3.05 2.93 2.84 276 270 2.60 2.50 2.39 233 227 1221 2.14 2.08 2.00
(’:3!’ 23 375 435 3.75 3.41 3.18 302 290 2.81 2.73 2.67 2.57 247 2.36 2.30 224 2.18 2.11 2.04 1.97
24 572 432 372 338 3.15 2.99 2.87 278 2,70 2.64 2.54 2.44 2.33 227 2.21 2.15 2.08 201 1.94
25 5.69 4.29 3.69 3.35 3.13 297 2.85 275 2.68 261 251 241 .30 2.24 2.18 2.12 2.05 1.98 1.91
26 5.66 4.27 3.67 333 3.10 2.94 2.82 273 2.65 2.59 249 2.39 2.28 232 2.16 2.0% 2.03 1.95 1.88
27 5.63 4.24 3.65 331 3.08 2.92 2.80 271 2.63 2.57 2.47 2.36 2.25 2.19 2.13 2.07 2.00 1.93 1.85
28 5.61 422 3.63 329 3.06 2.90 278 2.69 2.61 2.55 245 234 2.23 2.17 2.1 2.05 1.98 1.91 1.83
29 5.59 4.20. 1.61 327 304 2.88 276 2.67 2.59 2.53 243 232 2.21 215 2.09 2,03 1.96 1.89 1.81
30 5.57 4.18 3.59 325 303 2.87 275 2.65 2.57 2.51 241 231 2.20 2.14 2.07 2.01 1.94 1.87 1.79
40 542 4.05 346 313 2.90 274 262 153 245 2.39 229 2.18 2.07 2.01 1.94 1.88 1.80 1.72 1.64
60 5.29 3.93 3.34 3.01 279 2.63 2.51 241 2,33 2.27 2,17 2.06 1.94 1.88 1.82 1.74 1.67 1.58 1.48
20 5.18 3.80 3.23 2.89 2.67 2.52 2.39 230 222 2.16 2.05 1.94 1.82 1.76 1.6% 1.61 1.53 1.43 1.31
o 502 3.69 i1 2719 2.57 241 229 2.19 211 2.05 1.94 1.83 L7 1.64 1.57 1.48 1.39 1.27 1.00
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Percentage Points of the F Distribution (continued)

V.
Foo1mm
) Degrees of Freedom for the Numerator (v;)
" 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 LJ
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 99.30 9933 9936 99.37 99.39 99.40 9942  99.43 99.45 99.46 99.47 99.47 9948 99.49  99.50
3 3412 30.82 29.46 28.71 28.24 2791  27.67 2749 27.35 27.23 27.05  26.87 26.69 26.00 26.50 2641 26.32 2622 26.13
4 21.20 - 18.00 16.69 15.98 15.52 1521  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 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 172 7.56 7.40 7131 7.23 7.14 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 5.91 5.82 5.74 5.65
3 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.67 5.52 5.36 5.28 5.20 5.12 5.03 4.95 4.86
9 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.11 4.96 4.81 4,73 4.65 4.57 448 4.40 431
10 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 471 4.56 441 433 4.25 4.17 4.08 4.00 3.91
11 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.40 4.25 4.10 4,02 3.94 3.86 3.78 3.69 3.60
:;:‘ 12 9.33 6.93 5.95 541 5.06 4.82 4.64 4.50 439 4.30 4.16 4.01 3.86 378 3.70 3.62 3.54 3.45 3.36
s 13 9.07 6.70 5.74 5.21 4.86 4.62 4,44 430 4.19 4.10 3.96 3.82 3.66 3.59 3.51 3.43 3.34 3.25 317
g 14 8.36 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 3.94 3.80 3.66 3.51 343 335 3.27 3.18 3.09 3.00
% 15 8.68 6.36 5.42 4.89 4.56 432 4.14 4.00 3.89 3.80 3.67 3.52 3.37 3.29 3.21 3.13 3.05 2.96 2.87
e 16 8.53 6.23 5.29 477 4.44 4.20 4.03 3.89 3.78 3.69 3.55 3.41 3.26 3.18 3.10 3.02 2.93 2.84 275
£ 17 340 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.46 3.31 3.16 3.08 3.00 2.92 283 275 2.65
& 13 8.29 6.01 5.09 4.58 425 401 3.84 37 3.60 3.51 3.37 3.23 3.08 3.00 292 2.84 2.75 2.66 2.57
_5 19 8.18 593 5.01 4.50 4.17 3.94 377 3.63 352 3.43 3.30 3.15 3.00 2.92 2.84 2.76 2.67 2.58 249
L:‘E 20 8.10 5.85 4.94 443 4.10 3.87 3.70 3.56 3.46 337 3.23 3.09 2.94 2.86 2.78 2.69 2.61 2.52 242
s 21 3.02 578 487 437 4.04 3.81 3.64 3.51 3.40- 331 3.17 3.03 2.88 2.80 2.72 2.64 2.55 246 2.36
g 22 7.95 5.72 4.82 431 3.99 3.76 3.59 3.45 335 3.26 3.12 2.98 2.83 275 2.67 2.58 2.50 2.40 2.31
E” 23 7.88 5.66 4.76 4.26 3.94 n 3.54 3.41 3.30 3.21 3.07. 293 278 2.70 2.62 2.54 245 235 226
A 24 7.82 5.61 472 422 3.90 3.67 3.50 3.36 3.26 3.17 3.03 2.89 274 2.66 2.58 2.49 2.40 231 221
25 177 557 4.68 4.18 3.85 3.63 3.46 332 322 3.13 2.99 2.85 2.70 2.62 2.54 245 236 2.27 2.17
26 7.72 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 7.68 549 4.60 4.11 3.78 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 5.45 457 4.07 3.75 353 3.36 323 3.12 3.03 290 275 2.60 252 2.44 234 2.26 2.17 2.06
29 7.60 542 4.54 4,04 3.73 3.50 333 3.20 © 3.09 3.00 2.87 273 2.57 2.49 241 2.33 2.23 2.14 2.03
30 7.56 5.39 4.51 4.02 3.70 347 3.30 3.17 3.07 2.98 2.84 2.70 2.55 247 2.39 2.30 2.21 2.11 2.01
40 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.66 2.52 2.37 2.29 2.20 2.11 2.02 1.92 1.80
60 7.08 498 4.13 3.65 334 312 2.95 2.82 272 2.63 2.50 2.35 2.20 2.12 2.03 1.94 1.84 1.73 1.60
120 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 2.34 2.19 2.03 1.95 1.86 1.76 1.66 1.53 1.38
o 6.63 4.61 3.78 332 3.02 2.30 2.64 2.51 2.41 2.32 2.04 1.88 1.79 1.70 1.59 1.47 1.32 1.00
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VII. Percentage Points of the Studentized Range Statistic®

Goor k. f)
P
f 2 3 4 5 6 7 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 14.0 19.0 223 24.7 26.6 28.2 29.5 30.7 317 326 334 314 34.8 354 36.0 36.5 37.0 375 379
3 3826 106 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 19.3 195 1938
4 6.5} 8.12 9.17 996 10.6 11.1 115 11.9 12.3 12.6 12.8 13.1 13.3 135 13.7 139 14.1 142 144
5 570 6.97 7.80 842 891 9.32 9.67 997 1024 1048 1070 1089 11.08 1124 1140 11,55 11.68 1181 .1193
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 1008 10.21 1032 1043 1054
7 495 592 654 701 7.37 768 794 8.17 8.37 8.55 8.71 8.86 9.00 912 924 9.35 946 9.55 9.65
8 474 563 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 4.60 543 596 635 6.66 6.91 7.13 7.32 7.49 1.65 7.78 791 8.03 8.13 8.23 8.32 8.41 849 8.57
10 448 5.27 5717 6.14 6.43 6.67 6.87 -7.05 7.21 7.36 7.48 7.60 7.71 7.81 791 7.99 8.07 8.15 822
11 4.39 514 562 597 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 7.88 795
12 432 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 7.44 752 °7.59 766 113
13 426 496 540 573 5.98 6.19 637 6.53 6.67 6.19 6.90 7.01 7.10 7.19 7.27 7.34 7.42 748 155
14 421 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 7.27 733 1.39
15 4.17 4.83 525 556 5.80 599 6,16 6.31 6.44  6.55 6.66 6.76 6.84 6.93 7.00 7.07 714 720 7.26
16 4.13 4.78 5.19 5.49 5.72 5.92 6.08 6.22 6.3% 6.46 6.56 6.66 6.74 6.82 6.90 6.97 7.03 709 7.15
17 4.10 474 514 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 7.00 705
18 4.07 4.70 5.09 5.38 5.60 5.79 5.94 6.08 6.20 6.31 641 6.50 6.58 6.65. 672 6.79 6.85 6.91 6.96
19 4.05 467 505 533 5.55 5.73 5.89 6.02 6.14 6.25 6.34 6.43 6.51 6.58 0.65 6.72 6.78 6.84  6.89
20 402 .64 5.02 5.29 5.51 5.69 5.84 597 6.09 6.19 6.29 6.37 6.45 6.52 6.59 6.65 0.71 6.76 6.82
24 396 4.54 491 5.17 5.37 5.54 5.69 5.81 5.92 6.02 6.1il 6.19 6.26 6.33 6.39 6.45 6.51 656 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 6.4]
40 3.82 4.37 4770 493 5.11 527 5.39 5.50 5.60 5.69 577 5.84 590 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 5.36 545 5.53 5.60 5.67 5.73 5.79 5.84 5.89 5.93 598 6.02
120 370 4.20 4.50 471 4.87 5.01 5.12 5.21 5.30 5.38 5.44 551 556 5.61 5.66 5.71 5.75 579 583
oo 3.64 4.12 4.40 4.60 476 4.83 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

[ = degress of frecdom.

*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 Riometrika,
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4."‘ :
VIiI. Percentage Points of the Studentized Range Stafistic (continued)
' Goos(p. f)

. V4
f 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 181 257 328 372 405 43.1 454 473 491 506 519 532 543 554 563 572 580 588 596

2 609 828 980 1039 11.73 1243 13.03 1354 1399 1439 1475 1508 1538 1565 1591 16.14 1636 1657 16.77
3 450 588 683 751 8.04 847 885 9.8 946 972 995 1016 1035 1052 1065 1084 1098 11.12 11.24
4 393 500 576 631 6.73 706 735 760 783 8.03 821 837 852 867 880 892 903 914 024
S 364 460 522 567 603 633 658 680 699 727 732 747 760 772 783 7.93 803 812 821
6
7
8

346 434 4590 531 5.63 589 612 632 649 665 679 692 704 114 124 734 743 751  1.59

334 416 468 506 535 559 580 599 615 629 642 654 665 675 684 693 701 7.08 7.16

326 404 4353 489 517 540 560 577 592 605 618 629 639 648 0657 6.65 673 680 687

9 320 395 442 476 502 524 543 560 574 587 598 609 619 628 6.36 644 651 658 6.65
10 3.15 388 433 466 491 512 530 546 560 572 583 593 603 612 620 627 634 641 647

11 311 382 426 458 482 503 520 535 549 561 571 581 580 588 6.06 6.14 620 627 6.33
12 308 377 420 451 475 495 512 527 540 551 561 571 580 588 595 602 609 615 6.121
13 306 373 415 446 469 488 505 519 532 543 553 563 571 579 5.86 593 600 6.06 6.11
14 303 370 411 441 4064 483 499 513 525 536 546 556 564 572 579 586 592 598 6.03
15 301 367 408 437 459 478 494 508 520 531 540 549 557 565 572 579 585 591 596

16 300 365 405 434 456 474 49 503 515 526 535 544 552 5359 566 573 579 584 5.90
17 298 362 402 431 432 470 486 499 511 521 531 539 547 555  5.01 568 574 579 584
18 297 361 400 428 449 467 483 496 507 517 527 535 543 550 5.57 563 569 574 579
19 296 359 398 426 447 464 479 492 504 514 523 532 539 546 553 559 565 570 3575
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 4381 492 5.01 510 518 525 532 538 544 550 555 559
300 289 348 384 411 4.30 446 460 472 483 492 500 508 515 521 5.27 5.33 538 543 548
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 5.11 515 520 524
120 280 336 369 392 410 424 436 447 456 464 471 478 . 484 490 495 500 504 509 513
w277 332 363 3.8 403 417 429 439 447 455 462 468 474, 480 484 4.98 493 497 501

N bt AT AR ANl 3 AR VAR R AR TP 8 S0 a0 10+ 2 v

779

NITBEY

hetal
AR

A LTS TSN K 6 b 990 R il A 488, A <



APPENDIX

623

VIII. Critical Values for Dunnett’s Test for Comparing Treatments with a Control®
dogsla — 1. 1)
Two-Sided Comparisons
- 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 3.48 362 3.73 3.82 3.90 397
6 2.45 2.86 3.10 3.26 3.39 3.49 357 3.64 371
7 2.36 295 . 297 312 3.24 3.33 341 347 3.53
8 2.31 2.67 2.88 3.02 3.13 322 3.29 3.35 3.41
9 2.26 261 2.81 2.95 3.05 3.14 3.20 3.26 3.32

10 2.23 2.57 2.76 2.89 2.59 3.07 314 319 - 324

11 2.20 2.53 272 2.84 2.94 3.02 3.08 3.14 3.19

12 2.18 2.50 2.68 2.81 2.90 2.98 3.04 3.08 3.14

13 2.16 2.48 2.65 278 2.87 2.54 3.00 7306 3.10

14 2.14 2.46 2.63 2.75 2.84 2.91 297 3.02 3.07

15 2.13 244 2.61 273 2.82 2.89 295 3.00 3.04

16 2.12 242 2.5%9 271 2.80 2.87 292 297 3.02

17 2.11 241 2.58 2.69 2.78 2.85 290 295 3.00

18 2.10 2.40 2.56 2.68 2.76 2.83 2.89 2.94 298

19 2.09 2.39 2.55 2.66 275 2.81 2.87 292 2.96

20 2.09 238 2.54 2.65 2.73 2.80 2.86 2.90 2.95

24 2.06 2.35 2.51 261 2.70 2.76 281 2.86 2.90

30 2.04 232 247 2.58 2.66 272 277 2.82 .. 286

40 2.02 229 244 254 2.62 2.68 - 273 2.77 2.81

60 2.00 227 241 251 2.58 2.64 2.69 2.73 277

120 1.98 224 2.38 247 2.55 2.60 2.65 2.69 273

o 1.96 221 2.35 244 2.51 2.57 2.61 2.65 2.69

dyonla - L)Y
Two-Sided Comparisons
a — 1 = Number of Treatment Means (excluding control)

I 1 2 3 4 5 6 7 8 9
5 4.03 4.63 4.98 522 5.41 5.56 5.69 5.80 5.80
6 3.71 4.21 4.51 471 4.87 5.00 5.10 520 528
7 3.50 395 421 435 4.53 4.64 474 482 4.89
8 3.36 377 4.00 417 4.29 4.40 448 4.56 4.62
9 3.25 3.63 3.85 4,01 4.12 422 4.30 437 443

10 3.17 3.53 3.74 3.88 3.99 4.08 4.16 422 428

11 3.11 3.45 3.65 379 3.89 398 4.05 4.11 4.16

12 3.05 3.3% 3.58 3.71 3.81 3.89 3.96 4.02 4.07

13 3.01 333 352 3.65 374 3.82 3.89 3.94 399

14 2.98 3.29 3.47 3.59 3.69 376 3.83 3.88 3.93

15 295 3.25 343 3.55 3.64 3n 3.78 3.83 3.88

16 292 322 339 351 3.60 3.67 3.73 3.78 3.83

17 2.90 3.19 336 347 3.56 363 . 3.69 374 378

18 2.88 .17 3.33 3.44 3.53 3.60 3.66 3.7 375

19 2.86 3.15 331 342 3.50 357 3.63 3.68 3.72

20 2.85 313 329 3.40 3.48 3.55 3.60 3.65 3.69

24 2.80 3.07 322 332 3.40 3.47 3.52 3.57 3.61

30 275 3.01 315 3.25 3.33 3.39 344 349 352

40 2770 295 3.09 3.19 3.26 3.32 337 341 3.44

60 2.66 2.90 3.03 312 3,19 325 3.29 333 3.37

120 2.62 . 2.85 2.97 3.06 312 3.18 3.22 3.26 3729

@ 2.58 279 292 3.00 3.06 3.11 315 3.19 322

f = degrees of freedom. e
*Reproduced with permission from C. W. Dunnett, “New Tables for Multiple Comparison with 2 Control,” Biomei-

rics, Vol. 20, No. 3, 1964, and from C. W. Dunnett, “A Multiple Comparison Procedure for Comparing Several
Treatments with a Control Journal of the American Statistical Association, Vol. 50, 1955,
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VIIL. Critical Values for Dunnett’s Test for Comparing Treatments with a Control (continued)

dQ.QS(a - I:f )
One-Sided Comparisons

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

2.02 2.44 2.68 2.85 298 3.08 3.16 3.24 3.30
1.94 2.34 2.56 271 2.83 292 3.00 3.07 312
1.89 2.21 2.48 2.62 273 2.82 2.89 2.95 3.01
1.86 222 242 2.55 2.66 2.74 2.81 2.87 292 i
1.83 2.18 2.37 2.50 2.60 2.68 2.75 2.81 2.86 '

f

5

6

7

g

5
10 1.81 2.15 234 247 2.56 2.64 2,70 2.76 2.81
11 1.80 2.13 2.31 2.44 2.53 2.60 2.67 2.72 2.77
12 1.78 2.11 2.29 2.41 250 258 264 7269 2.74
13 1.77 2.09 2.27 2.39 2.48 2.55 2.61 2.66 271
14
15
16
17
18
19

1.76 2.08 2.25 237 246 253 259 264  2.60

1.75 2.07 2.24 2.36 2.44 2.51 2.57 2.62 2.67
1.75 2.06 223 2.34 2.43 2.50 2.56 2.61 2.65
1.74 205 - 222 233 242 2.49 2.54 2.59 2.64
1.73 2.04 2.21 2.32 241 2.48 2.53 2.58 2.62
1.73 2.03 220 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 2.01 217 2.28 2.36 243 248 .2.53 2.57
30 1.70 1.99 2.15 2.25 2.33 2.40 245 2.50 2.54
40 1.68 1.97 2.13 2.23 231 237 242 2.47 2.51
60 1.67 1.95 2.10 2.21 2.28 2.35 2.35 2.44 2.48

120 1.66 193 208 2.18 2.26 2.32 2.37 241 245
® 1.64 1.92 2.06 2.16 2.23 2.29 2.34 238 242
dogr(a ~1,1)

One-Sided Comparisons

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

3.37 3.90 4.21 443 4.60 4,73 4.85 4.94 5.03
3.14 3.61 3.88 4.07 421 4.33 443 4.51 4.59
3.00 342 3.66 3.83 3.96 4.07 4.15 4.23 430
2.90 3.29 351 3.67 3.719 3.88 396 4.03 4.09
2.82 3.19 3.40 355 366 375 3.82 3.89 3.94

2.76 3.11 331 345 3.56 3.64 3.71 3.78 3.83
11 272 3.06 325 3.38 3.48 3.56 3.63 3.6% 3.74
12 2.68 3.01 3.19 332 342 350 3.56 3.62 3.67
13 2.65 2.97 3.15 327 3.37 3.44 3.51 3.56 3.61
14 2.62 2.94 311 323 332 3.40 3.46 3.51 356

15 2.60 291 3.08 3.20 3.29 336 342 3.47 352 i
16 2.58 2.88 3.05 317 3.26 3.33 3.39 3.44 3.48 :
17 257 2.86 3.03 314 323 3.30 3.36 3.41 3.45
8 255 2.84 3.01 312 3.21 327 3.33 3.38 342 i .
19 2.54 2.83 2.99 3.10 3.18 3.25 331 3.36 3.40 T

20 2.53 2.81 2.97 3.08 3.17 3.23 3.29 3.34 338 i
24 2.49 277 292 3.03 3.11 3.17 322 3.27 331 :
30 2.46 272 2.87 297 3.05 3.11 3.16 32 324
40 242 2.68 2.82 292 2.99 3.05 3.10 3.14 3.18
60 2.39 2.64 2.78 2.87 2.94 3.00 3.04 3.08 312

120 236 260 273 2.82 2.89 2.94 299 303 3.06
© 2.33 256 2.68 2.77 2.84 2.89 2.93 2.97 2.00
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IX. Coefficients of Orthogonal Polynomials®

=3 n=4 n= n=4%0 ' ==
X » P» P P, P P P P P P P P P P P P P Py P P
1 -1 1 -3 1 -1 =2 2 -1 1 -5 5 -5 1 -1 -3 5 -1 3 -1 1
2 -2 -1 -1 3 1 -1 2 —-4 -3 -1 7 -3 5 -2 0 1 -7 4 =6
31 tr 1 -1 =3 0 -2 0 6 -1 -4 4 2 -10 ‘-1 -3 1 1 -5 15
4 3 11 I -1 -2 -4 1 -4 -4 2 10 0 —4 0 -20
5 2 2 11 3 -1 -7 -3 =5 1 -3 - 1 5 15
6 5 5 5 1 1 0 -1 -7 -4 -6
7 , 3 5 3 1 1
ﬁ PP 2 6 20 4 20 10 14 10 70 70 8 180 28 252 28 84 6 154 84 924
j=1
A1 03 2 1 % v 1 F o2 3 F fB % v 1 % d % @
n=38§ n=9 n =19
X, P P P Py Py P P P, Py Py Ps Poe P P Py Py Py Pg
1 -7 71 =1 7 -7 1 —4 28 ~-14 14 -4 4 -9 6 -4 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 -1l -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 1 1 -4 -12 18 6 -8 e
15 1 -5 -13 =23 -5 2 -8 -13 -1l 4 22 3 -3 =31 311 6 2
8 7 7 7 7 1 3 7 -7 -21 -11 ~-17 5 =1 =35 =17 1 10 g
9 4 28 14 14 4 4 702 -4 =22 —14 -1l e
10 9 6 42 I8 6 3
> PeOF 168 168 264 616 2184 264 60 2772 990 2002 468 1980 330 132 8580 2860 780 660
=1
A2 1 3§ % & ] 3§ 0m wm w2 i F  fi. 0w

CTH

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