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Tahle A7 (ConTivuen)

p m=2 3 4 5 6 7. 8 9 (Y I VU SoJN I SRR O S
11 ) Y T O YRS B 737577 70 RD O 8Y 8T &0 oy
S0s8 66 67 69 73 74 77 |0 ] #s <R 3] 0 ur oInp
] 6 68 71 T4 76 79 B2 RS 89 Y us  ug 1L Ind
028 67 M 73076 80 B3 86 un Y U7 0 g 07 118
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L0 B3 BT 91 96 100 105 109 113 118 123 138 13% 1337 0 40
00L 9t 91 93 95 97 100 103 106 109 112 11s HE 121 124
008 91 91 9% 99 102 10s 100 112 116 119 423 426 (300 a4
01 9294 97 101 104 1OR 112 115 110 123 127 131 138 13y
025 93 96' 0D 104 108 112 116 120 125 C120 431 137 192 114
"5 9498 102 107 111 016 1200 128 129 134 139 143 148 153
D 96 IDL 105 110 115 1200 125 130 135 140 145 180 B L T )
001105 105 107 109 112 115 118 121 128 128 (3] 138 138 142
005105 107 1100 113 117 121 129 128 132 136 140 144 148 152
.01 106 108 112 116 119 123 328 132 136 140 ja4 149 152 157
025107 1Y 1S 119 123 128 132107 142 146 151 156 161 165
505 109 113 117 122 127 132 137 142 147 152 18T 162 167 172
P10 1100 116 121 126 131 137 142 147 153 158 164 169 175 [RO
1001 120 120 122 125 128 133 135 [3R 142 145 149 153 187 q@]
005 120 123 126 129 133 137 141 145 SO 1R 158 163 167 172
| 120124 128 132 136 140 148 149 154 158 163 168 172 177
025 122 126 13 135 140 145 150 155 160 165 130 175 180 18%
05 124 128 133 139 144 149 154 160 165 171 176  R2 187 1923
10 126 131 137 143 148 154 160 166 172 178 18RS  [RQ 195 2011
D01 136 136 139 142 145 148 152 156 160 164 168 172 176 1RO
N0S 136 130 142 146 150 155 150 164 168 173 178 1R I1R7 102
M Iy {140 {44 149 [RK 158 (iR} Ing 171 17 181 IRK 103 1UR
025 I3 143 B 152 18R 163 IR 174 (30 18 qoo I 201 203
103 t0 145 151 156 162 167 173 179 RS 19 197 202 208 2t4
10 142 148 154 160 166 173 179 1RS 191 198 204 31) 217 223
DOL 15} 154 156 159 163 167 171 175 170 183 KR 192 197 20)
D05 153 156 160 164 169 173 (78  {R3 188 193 19R 203 208 214
01 154 158 162 167 172 177 182 187 192 198 203 09 214 220
025 156 160 165 171 176 182 1R 193 199 205, 211 217 233 39
05 157163 169 174 180. 187 193 199 205 211 218 274 2739 237
10 160 166 172 179 185 {92 199 206 212 219 226 221 239 244
001 17t 172 178 178 182 186 190 195 199 204 209 214 218 223
005 " 170 174 178 183 188 193 198 . 203} 200 214 319 225 230 236
0L =172 176 181 186 191 196 202 208 211 319 225 21] 333 i
025 174 179 184 190 196 202 208 214 2200 227 221 210 246 253
05 © 176 IR1 188 194. 200 207 213 220 227 211 240 247 281 en
10 178 185 192 199 206 213 220 227 234 341 249 J256 0 263 27n
001 190 191 194 198 202 206 211 2160 2200 225 231 216 241 4a
005 191 194 198 203 208 M3 210 229 230 23 4s 29K 284 2p0
01, 192 195 200 206 211 217 2231 229 r1s. gy 217 2854 260 266
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17 18 10
Qfy Q9 1nt 1
e 100 112 1
11 1T 9
AR 122 125
124 12R 132
112 136 140 1
1My 16 18 1
123126 130 1
128 132 135 1
136 140 144
Y 147 151 1
151 1% 160 1
130 1M 137 L.
141 145 149 1
147 151 155 1
155 159 164 1
162 167 172 1
171 t76 181 W
149 152 156 i¢
160 164 169 1
s 171 175 1
175 tRD . 184 {%
182 1RR - 193 ¢
191 197 203 20
’ E :
168 172 176 1
1R1  1RS 190 1o
187 191 196 20
196 201 206 21
04 209 215 22
213 219 225 23
IR 193 197 20;
202 207 211 21¢
08 213 219 24
IR 223 229 234
236 232 238 244
236 243 249 2%¢
2010 215 230 224
224 329 235 u4n
23 236 242 247
241 247 253 2%0
250 256 263 269
260 267 374 281
233 238 243 248
247 253 259 . 264
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265 271 218 1 2R4
274 281 288 : 29%
285 292 300 307
257 262 2681 373
272 298 284 2
279 2R$ 292 208
00 297 1nd Mo
107 Ma Az
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) Tahle AT (Continges i) .
p om=2 1 4 5 6 7 8 T O B X T OF R 1 R I Y R T SR T~ R

i 2100 2t 2140 2980 223 02270 232 237 243 24RO 283 230 1A% 210 176 2R1OIRT 393

2
005 211 2014 219 224 229 235 241 24T 283 2389 ppX 271 2780 284 2o 207 apd o 30 3
A1 292 Me 0 221 227 233 2390 2050 2510 &R 260 270 2780 2R 2u Cus g A1l 3R]
025 213 219 225 230 238 245 251 259 Ines 27X 28O0 28T 200 3 3w 3|p 0 3230 330 )
050 215 2230 229 2360 243250 258 265 271 28D 2RRO29S 0 A0 31 s 32 334 391 3
00 208 226 233 240 249 287 2AS 2730 281 280 0T 308 313 3T A 338 346 354 2

rrorm greater than 2, the pth quantile w of the Mann- Whitney test cimtistic may be approvomated by
R TANE TR ST TSNS EVT
e x, Is the pth quantile of a standard normal random variable, obtained from Takle AL and where N - m - n

The entries in this table are quantiles w,, of the Mann-Whitnev 1ot ctatistic T, given by Faguation 280 for elected
s of p. Note that PIT < w b p Upper quantifes may be foamd from the equanion

wesntns s Thew, - ’ -

itical replons correspond 1o valoes of T less than tor preater thant but not equal to the appropriate quantile
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TFable AB Duaririas or 7 Krusk al-War s Trar Sa AT
FOR SMALL SAMrLE Stz

Sumpde Sizes Wa e W on” Wowr e
222 RIFARK 45714 45714
i 18571 42887 1.2857
Lo R TN J AtHn 5.3587)
L A0t A 8T § 140
LI 4 2500 A R . 2RIHY
1113 400 St 7 1 ANKY
4200 10179 RS RSN
$.0202 $.1167 5 1N f 0Ot
J4101 T KRN & LK 4 K111
4.3 2 J 4344 S AU . 3001
B I 4 Ton ST v M0
o001 BRI RGN f HnT
4.4 4IRS 5.2 HhKTT
4401 4773 LY AYS 71
3,044 15000 S hNAR 7.81I85%
R 4 (150H) RINLTT 52400
AT 1.2931 S AL n 1313
4,31 TR400 48711 000
L T RIRRIN S.10158 [T £
5033 4.0 S.8182 S URIR
R | 1. 0n00 48600 N N4t
542 4.51K2 52082 TR
sS4 1.521] S.6A0K 7.3
A4, 1 J.01R7 S.nl7h 77440
AT | 20304 Jqoong) ERI
50582 © 45077 8.2 720602 B
S8 . 4.5361 51204 7.54209
55 45200 S 77001
5.5, 8" 2.5000) 5,000 74500

sotmet . Adapred feom Timan, Oeade. i Alevinder (19751, wirh

persssion from the American Mathenitienl Society
- Phe nult hapathesis may be rejected ot the level o if thie Kol
Woiths tesd staristi, piven by bagaation 825, eacecds the T= o auantile

piven in the table,
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lelc A9 Olmwnu'\ OF THE SOUANRED Rams luu Smn\m
n p  m=3 4 5 6 7 8 9 10
.005 14 14 14 14 14 14 21 1
o 14 14 14 14 2 N 26 26
025 t4 14 21 26 29 a0 15 41
05 21 21 26 30 3 42 49 54
il I 26 29 35 42 S0 59 6y 77
< ot 65 90 17 149 182 221 260 105
- O3 70 i 129 161 17 haTh IRS g
978 77 H1o 13K 1 M 287 0K an
. L 77 (AL 149 194 2in 185 32 RV
: 995 77 110 149 194 245 n? RETH 4123
008 an 3 Ay k) 16 50 54
01 30 a 39 46 st 51 62 6
E 028 30 3 S0 54 63 7 7N 00
.08 3y 50 57 i T8 o) 102 114
4 50 62 7 s 9y 114 130 149
; 90 111142 K2 222 2T 32 375 438
H .95 1y 154 197 246 294 3850 413 476
- 3 - 975 126 165 206 258 it 174 KRU) S10
) 99 126 174 219 270 334 an 170 545
T3 995 126 174 230 281 351 414 aud 567
3 005 55 55 66 75 79 "HH o 10
3 0 55 66 75 K2 90 10} 1s 127
] ; 025 66 19 8R 100 114 130 145 162
- 08 75 KR 103 120 135 155 175 195
3 5 .10 87 143 121 142 163 187 212 239
; .00 169 214 264 319 3 448 514 591
95 178 22K 2862 342 10 aAm 55K 639
975 183 235 297 7 aed 433 S8 592 (RO
.99 100 246 310 3R2 459 513 631 727
C B9 190 255 319 391 475 559 654 754
N ; 008 91 104 115 124 136 152 167 . 182
- | 01 91 115 124 139 155 175 191 21
f 028 115 130 143 164 184 208 231 255
.05 124 139 164 167 211 239 26K 299
b6 .10 136 163 187- . 215 247 280 315 352
.90 243 300 364 435 sH S92 479 772
.95 255 319 386 463 545 634 730 831
975 259 331 406 486 574 67 771 8RO
.99 271 339 424 511 607 706 K17 935
995 27N 346 431 526 624 731 847 970
e SOURCE. Adapted from tables genersted by R.L. Iman.
“° The entries in this table are sclected quantiles w,, of the squared ranks test statistic T, given by
: : Equation 5.3.3. Note that P(T<w,)}=<p and P(T>“ y=1-p. Critical regions mmﬁpond to
values fess than (or greater than) but not including the appropriate guantile.
e o
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n p m=3 4 5 6 7 5 9 in
.00s 140 135 172 195 212 2358 257 2K}
01 155 172 191 212 236 260 287 s
025 172 195 217 225 274 308 IR 3
.0s 1HR 212 240 274 IR 344 IR4 425
A0 . 203 236 2N ang asn 3194 440 4RY
%) 315 407 AR 572 665 764 R71 YH4
s 347 42K 515 PRI 707 ®14 29 1Sy
IS isa 443 536 65 741 RS6 379 110K
R and 456 560 6tnd m Q00 1432 1172
095 a7l 467 571 6HR3 K03 929 1067 1212
DA 204 236 260 R4 k11! 340 36K 401
1 221 249 296 Y 340 172 40K 445
125 249 276 an 348 R4 475 468 513
KIRE 268 300 40 art 426 473 524 576
i 288 329 74 423 470 531 sut ns2
Hou0 447 516 632 735 K40 965 0w 1234
JUs 464 S64) [T s 70 KM 16123 RN 13013
Y75 476 579 6RY - K07 Yas U7t 1215 J30K
W ARS . sHY 716 840 oKt 1124 1277 1442
. 9us 492 604 731 %63 1005 1156 1319 14NY
REEE a4 a2s 361 KAt R ] 429 d66 S0K 44
o3z 349 3K 423 464 50K 563 O g
25 342 3R 423 469 S17° 0 ST0 624 OR2
8 365 406 457 5t 567 626 ) 755
g 10 v 444 s01 561 625 6Y4 Toh K43
90 81 OHHY KO3 Vs 1056 1145 1343 1498
95 o0l 717 R4 972 1H12 1261 1420 ISK7
Y75 615 741 R0 1ou9  HISH 0 1317 14RS 1662
R 624 757 Qi) 1049 1200 1377 1556 1745
995 629 769 916 T3 1239 1417 lend 1798
00s 406 44K K6 526 573 6240 672 725
o0t 425 470 513 s61 613 667 725 TRS
025 457 505 560 616 677 741 ROR K79
.08 486 539 6 665 734 BOG BR3 un3
PN [ 514 SR 649 724 e KRS Y72 1064
o0 742 g66 1001 1144 1296 1457 1627 1806
95 765 901 1045 1197 1360 1533 1715 1907
975 778 925 1078 1241 1413 31506 17RR 199)
99 793 049 1113 1286 1470 1664 | 1R6U  20KS

995 798 961 1130 1314 1505 1708 1921 2145

For n or m greater than 10, the pth quantile w, of the squarcd ranks test statistic may be
approximated by

"

N+ DN+ Jm'ﬂnznm(amn

6 r 180

where N=n+m, and where x, is the pth quantile of a2 standard normal random
variable. obtained from Tabie Al.
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Table A0 Quantiies oF 1k SrARMAN Trst STATISHIC"
noopm.90 950 978 990 998 999
© 4 L8000 800D
- 5 .7000 .8000 .5000 9000
j 6 6000 T4 RIRN BBS7 9429
7 5157 6786 7450 8571 8929 9643
: R 5000 6130 7143 809§ 851 9286
i Y 4667 . SR ORI} 667 K167 HOK
! 10 4424 5515 6364 731 818 RE667
1 A1R2 5273 L6091 T 7455 .Bl64
12 L3986 4965 - sk0a Y 63 973 A1R2
13 23791 A7R0 L5549 L6429 6978 7912
.1 3626 A593 L5341 6220 6747 L1670
15 L3500 A4 5179 _6IKK) 6536 7464
16 kI 4265 .5000 5R24 6324 7265
17 23260 Al 4853 5637 6152 .7083
14 3148 23994 A716 5480 5975 694
19 3070 3805 4579 5333 5835 6717
20 2977 0 3T .445) .5203 5684 6586
E 20 2909 J6KR 4151 .S078 5545 6458
2 2829 .3597 424 4963 5426 6318
23 2767 518 4150 AR52 5306 6186
- 24 2704 BEEL IR T 1| AT4R $200 6070
25 L2646 2362 3977 4654 S 5962
: 26 L2588 L3399 3R94 A564 .5002 5856
: 27 L2540 .1236 L3822 L4481 4915 5757
H 28 .2490 3175 3749 .4401 A28 .5660
< 29 .2443 S 3685 4320 4744 5567
30 .2400 3059 3620 A425) 4665 5479

For n preater than 30 the approxinute guantifes of o may he obtained fram

- X
w, ==
PR

where a is the p guastile of 2 standard normal random variable obtained from Table 1.

SOURCE, Adapted from Glisser and Winter (19613, with corrections, with permission from the
Bivmiewrika Trustees,

Vbt ol Shohanl wind b s ve FR Lt i

" The entries in this table are selecied quintiles w,, of the Spearman fank correlation coeflicient
¢ when used as a test watistic, The tower quantiles may be obtained from the equation

1
veamiiil Feima f e

Wi = ~Wy o

The critical region comesponds to valucs of p smaller than tor greater than) bt aot including the
appropriate quantile. Note that the median of s 0, '

wl H el b
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Tlhif'k!l OQuarntnes oF T Hermoama-Parsy Test STatiaae

n  pe=00] 005 010 025 00 0O  {mint_y)

4 2 2 20
5 2 2 4 S 40
6 2 4 6 8 4 10
i 2 6 8 14 i1 26 12
R 6 12 16 2 n 42 16K
.9 12 22 pl 38 50 i 240
B .22 36 44 60 74 42 330
51 16 56 66 86 104 128 44t
12 52 - 78 94 §20 144 P72 572
13 76 110 130 162 190 226 724
14 106 148 172 212 246 290 910
15 142 194 224 270 n 364 1120
16 186 250 284 140 390 450 1360
17 2318 314 156 420 4%0 550 1632
18 300 190 438 512 552 664 1938
19 172 476 532 18 696 790 2380
20 454 574 638 738 £26 934 2660
M 546 6K 758 870 - 97R2 1092 I0R0
22 652 810 92 1920 1134 1270 3542
23 . Im sy 1042 1184 1312 1464 A(MR
24 9014 1104 1208 1366 1510 1678 4600
25 1050 1274 1390 1566 1726 1912 5200
26 1212 . 1462 1590 1786 1960 2168 SES0
27 13190 1666 1808 2024 2216 2444 6552
28 1586 1890 2046 2284 2494 2744 7308
LW 1804 2134 - 2306 2564 2796 306R K120
30 2032 .2398  25R4 2868 3110 3416 B990
For i preater than 30, the quantiles of T may be approximated by
w, = inn®- 114 xr—lﬂ“ -,-—1-]
6 vn- 1

where 2 is, the pth quantile of a standard normal candom variable given in Tahle 1.

o sotmer. Adapted from Glasser and Winter (1961), with corrections, with permission from the
frinmetrike Trustees. ’ )

“The entrics in 1his table are the quantiles w, of the Hotelling: Pabst test statestic T, defined by
Equation S 411, for selected values of p, Note that PUT < w t=op Upper guantiles man he found
from the eguation

Wyn T nin"-11- w,
" Critical regions correspond to values of T less than (or greater than) hut ot including the
appropriate quantiles. Note that the median of T i piven by

w o= lnln’ =1}
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Table A12 QuanTies oF THE Kenpars TesT STATISIC™
n P~ 500 950 975 590 KoL)
H 4 4 4 6 6 6
-3 5 6 6 8 8 10
6 7 9 | " C 13
- 7 9 o n £5 '+
8 10 14 16 i 18 20
9 12 16 I8 2 24
- . .
3 10 15 19 21 25 © 27
B 11 17 2 25 . 2 k]
3 12 18 24 28 4 36
3 13 2 26 32 38 .42
o 14 23 31 s 41 45
'g 15 27 33 39 47 51
2 16 28 36 44 50 56
Tz 17 2 40 48 - 56 62
3 18 38 43 51 61 67
: 19 37 17 55 63 73
i’ i .20 40 50 60 70 78
- 3 21 42 54 64 76 B4
: 2 45 59 69 8 89
. 3 23 49 63 73 87. 97
i 3 24 52 66 78 92 102
25 56 70 B4 9% 108
26 59 75 B9 105 115
CEe 3 27 61 : 79 93 m 123
= & - 28 €6 84 98 116 ©128
1.3 29 68 .88 104 124 136
I | : 30 k) 93 109 129 143
5._ .31 75 97 - 1s 135 149
: 32 80 102 120 142 158
33 84 105 126 150 164
34 §7 m o __ 131 155 . 173
s - 91 115 - 137 163 179
36 94 120 144 170 ‘188
37 98 126 150 176 196
38 103 N kT 155 183 203
39 . 107 137 1 - 191 2n
40 110 142 168 - 198 220
1
? b
| f v
? ¢ R O S P TR Besiiaid Wesp Sraviene”




Table A12 (Coxrmvam)

Lo n p=.000 9% 975 990 .995
41 114 146 174 206 228
42 119 151 181 213 235
43 123 157 187 221 245
44 128 162 194 CO22R 252
45 132 (3% ann ’ 230 262
4 135 173 207 245 271 '
47 141 179 213 251 21
' 4K 144 156 220 2600 28R
49 150 190 228 26K 296
1 1523 197 213 277 305
51 159 203 241 2RS kIR
52 162 208 24K 294 324
53 168 214 256 a2 kR ¥
54 173 31 263 It 343
55 177 227 200 v as3
S 182 232 276 32K 362
57 146 - 240 84 336 an
SR 191 245 9] 145 K1
- Sy © 197 251 2599 385 391
6Hf) 202 258 306 A64 402

!.-'ur n grenter than 60, eppeoximate quantiles of T may be ubtuined from
T v
WS Ay 18

where x. is from the standerd normal distribulion Riven by Tuhle A1,

* The entries in this table arc sclected quantiles W, of the Kendall rest statistic T, defined by
Equation 5.4.13, for sclected values of p. Only upper quantiles are given here, but lower quantiles
may be obtained from the reletionship

wp = oWy,
Critical regions correspond to values of T greater than {or less than) but not including the

appropriste quantife. Note that the median of T is 0,

SOLURCE. Adupted from Tahle 1. Best (1974). with permission from the suthor,




Clable A1
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Table A13 (Connmmp) S -
. ﬂ‘ﬂ + 1 } R
| VP, Wy WYy oy Wrhna o WL W Wiy Wign W, o, "“Z-— . o

48 30 363 397 428 J6d A0S 536 5n3 ARK 1
49 I5T AN dH6 4497 9Ry 517 35% SKT nl12.8 1205
an I K IS 46T S0 ssn SR a6l 78 )o3%

For oo Barger than SO yhe P quantde swoof the Wilcosom vipned tanks tea
Matistic. may be approsiniated by wo fntm e s cnin s iy, FTANY
where v i the pth quantde of o stancdand nonmal sendon vireble. obuned from
SCRCL Adapred Tiom Magter aund Chaen LI wath permisson Trom the st of
Mathematical Stahsto

T The entres m o this e e toantibes wof the Wileowon sipned rsnka reat statisan
pven by Pagmation .76, for selecied yilines of p- SME Ounntiles wo lot po S e
coemputed from the cqutinon

W Hin LY ow N

. . » ’ . op- )
where mie < 152 i given m the tpht hand column i the taible, Note thi Pi ) - w, 1o and
EBrlocw 1 opdd H s e, Critas) pegions correspond 1o values of [ e thim 1en
ereater thand but it including 1he Appropusle Guantile

L I LR T




Table A13 Quanmies oF e Wiroxon Sionmn RaAwxs Trst StaTsTic

)

nin+1)

LYTEI LR Wanae Woaa Wom Wi LT YW an Waw _, -

TH | i f 1] fn 1 3 3 4 5 io
5 n 0 {1 1 a 4 5 [} 15 |
I3 n Kl 1 k] 4 (\ b ] 1n.s M
-2 1) 1 3 4 t 4 il 12 14 K
8 ! 2 3 f U] 1 14 ' IK in
) 2 4 f v 1) 15 1IN 10 228 a8
S 4 n I 1 25 274 SS
b 0 L R D E A A T2 S TR R anh
|2 SO TR X IR 23 ox 0 an in Iy TR
i3 14} 17 % 2 27 33 3R 41 458 yp
14 13 v 22 26 12 3y 44 JR O S2S o8
ts ln 200 2 3 A7 45 S| 8% oo 120
16 AT I R 1 I VA | S % S8 616X 136
177 24 2% 3.0 4w S wh 71 7S 183
I8 B I LRV (S N M B C TR 7 S T 7|
1 A3 3K 47 8 wd 74 R Y 98 1w
20 R K % N T BT TR T3 210
21 44 U] 549 N rh ST oK 115850 13]
an Ju &0 07 Th K7 100 1§y 11w 1265 153
23 55 63 74 K4 95 110 120 130 13N 176
R 60 K292 S 120 131 141 150 C 3
25 0o 77 YO 10l 11 131 1430 153 1625 325
2 Tho RS W9 T11 125 142 155 165 1755 351
27 B4 % lus 120 135 154 167 178 IR9 IR
IR Y2102 117 130 B6 de6 TR0 192 203 406
29 10T 11 127 14y 158 178 1Y3 0 2060 2175 435
an THE 121 138 182 1700 {91 207 220 2325 465
3 P 130 148 sl §K2 0 2058 271 03§ 4R 496
i 129 141 160 176 195 21Y 236 250 264 528
a3 B39 152 171 18R 208 233 251 266 2805 561
1 149 163 IK3 201 222 24K 266 282 2975 §95
ki Ion 175 196 214 236 263 2RI 299 315 630
36 172 187 209 228 251 279 299 317 333 666
a7 I8 1wy 232 242 26 295 3t6 335 3518 703
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=0 for alt degrees of freedom.

with permission from the Biometrika

rom the equation

" The entries in this tahle gre quantiles w, of the t distribution for variou deprees of frecdom.

Quantites w, for p< § minn be computed f
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