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ANSWER ANY THREE QUESTIONS

For all questions, clearly state the name of the test, the null & alternate hypotheses, the test
statistics, the decision rule, the level of significance, the decision & the conclusions.

QUESTION ONE. [ 18 +|® marks ]

a. A civic group reported to the town council that at least 60% of the town residents were in
favour of a particular bond issue. The town council then asked a random sample of 100
residents if they were in favour of the bond issue. Forty-eight said yes. Is the report of the
civil group reasonable? '

b. A major league baseball player had compiled the following record over 12 years.

Year 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
#Home Runs 7 14 17 15 9 19 16 17 22 17 13 10
Batting Averages 0212 0232 0234 0210 0201 0256 0261 0247 0255 0241 0238 0235

Is there significant correlation between the number of home runs he hit and his batting average
for that year?

QUESTION TWO. [ 20 marks ]

Five doctoral students took a test on current affairs. The ages of the doctoral students and their test
scores are given in the table below:

Doctoral Students ___Age Test Score
1 | 24 68
2 31 85
3 38 84
4 45 92
5 45 90

Do older students tend to get higher test scores? Use Spearman’s p or Kendall’s T test with o = 0.05.
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QUESTION THREE. ‘ [ 20 marks ]

Four prospective graduate students took the GMAT twice, with the following scores: Analyse the
data by using the Wilcoxon’s Signed Rank Test, with o = 0.10, to see if there is a tendency for the
scores in the second attempt to be more than the scores in the first attempt.

StudentFirst Attempt Second Attempt

1 470 510
2 530 550
3 610 600
4 440 490
'QUESTION FOUR. : [ 20 marks |

Each person in a random sample of n = 10 employees was asked about X, the daily time wasted
at work doing non-work activities, such as surfing the internet and emailing friends. The
resulting data, in minutes, are as follows:

108 112 117 130 111 131 113 113 105 128

~ Is it okay to assume that these data come from a normal distribution with mean 120 and standard
deviation 107 Use Kolmogorov goodness-of-fit test at o = 0.01.

QUESTION FIVE. [ 20 marks ]

In a controlled environment laboratory, 10 men and 10 women were tested to determine the room
temperature they found to be the most comfortable. The results were as follows.

Men: 74 72 77 76 76 73 75 73 74 75
Women: 75 77 78 79 77 73 78 79 78 80

Assuming that these temperatures resemble a random sample from their respective populations, is
the average comfortable temperature the same for men and women? Use Mann-Whitney Test with
a=0.05.



TABLE Al Normal Distribution®

Selecred values  Zowe = —3.7190  Zomes = —32905  Zymy = — 19600  Zes = —1.6449
)  Zawm = 37190 Zpm = 32905 xm= 19600 e+ ;.6449
Y 0.000 ©.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
0.00 ~30907 —2B7R2 —27478  -26521 —25758  —25121 24573 24089  -1L3656
0.01  —23263 —12904 ~2357( 22262 -21973  ~2I170F —2i444  -20201 -2099  -20749
082 ~20537 20335 ~2014] —1.9954 —19774 19600 ~i9431 192688 —19i10 18957
003 —18808 ~—18663 —1B572 —1B384 ~LB250 —IBil9 ~—17991 ~17B66 17744 —17624
004 ~I7507 —{7352 17279 —~1716% —|.7060  —1.6954 16849 16747 —1.6646 —16546
0.05 —156449 16352 ~16258 —16164 —1.6072 —15982 15893 L5805 ~—15718  —15632
006 —I5548 ~15464 —135382 —15301 ~15220 ~154] 15063 14985 —[4909 -—14833
007 —14758 —14684 —14611 14538 —14466 —14395 14325 -)A255  —|4187 ~14lI8
008 ~1405] —13984 13817 13852 -I3787 —13722 13658 13595 —|3532 —13469
009 —13408 —13346 —13285 —13225 ~i3i65 —i3i06  —i3047 12988 —|2930 —12873
I8 —l2Bl6 ~12759 —13702 ~12646 —12591 12536 ~12481 ~12426 12372  -12319
Ol ~1a85 1222 12160 ~12107  —120585  ~12004 L1952 —LI90) —LIB50  —1.1800
0.2 ~LI7TS0  —Li7e0 ~11650 —1.3601 —Li552  —LI503  —L1455 —L1407 —11359  -Li3l1
613 ~1Li1264 —L1217  —=LII70 ~L1123 ~L1077  —LI03]  ~)0985 10939 —].0893  ~|.0848
0.14 —10803 ~—|0758 —10714 10669 ~)0625 —10581 —1.0537 10494 —1.0450 L0407
015 ~1D364 —10322 —10279 -—10237  ~10I%4 —10I52  —10110  ~10069 ~10027 —0.9986
0.16 09945 —09904 —09863 —09822 —09782 —09741  —0S70I 09681  —09621  —0.958)
0.17 —09542 —09502 ~05463 09424 09385 09346 ~09307 09269 09230 ~05192
0.18  —09154 —0Sil6 ~09078 —09040 -0S0HO2  —0BYES  —08927 08890 —0BESY  -0.881¢
0.19 —0BT’¢ 0542 —0E705 08669 08633  ~0B596  —OB560 —0B524 —0B488 08452
020 —084i6 ~083I8} ~—0B345 —0E3I0 —08274 —08239 08204 —0BIEY ~0B134  —0.8099
021 —0BDE4 ~-0B030 —07995 —07961 ~079%6 —07892 —OVESE 07824 ~0.7790 07756
022 —07722 -07688  ~07655 —07621 —07588  —~0J554  —Q7521 —07488 07454  —0742!
023 07188 ~07356 —0733 —0790 —O07357 07225 07192 070 —07128  ~0.7095
024 07063 —0703]  —0£99% —0.£967 04935 —0.4903 0487 -06B40 06808  —0.6776

LOS
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P 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
025 ~0.6745 —0.6713 -0.6682  —0.6651 ~0.6620  —0.6588  —0.6557 —0.6526 —0.6495 —0.6464
026  —0.6433 ~0.6403 06372  —0.6341 —0.6311 —-0.6280  —0.6250 —0.629 -0.6189 —0.6158
0.27 ~06128 —0.6098 06068 —06038  -0.6008 -05978  —B.5%48 -059i8  ~0.58B8 -0.5858
028 05828 05799 05769 05740 —05710 0568l —0.5651 ~-05622  -05592 ~-0.5563
0.2 —05534 05505 05476 —05446 —054i7 ~05388  ~—0.5359 ~-0.5330 ~0.5302 ~0.5273
030 05244 ~05215 ~05187 —05158  -05129 ~D.5101 —05072  —0.5044 ~0.5015 —0.4987
0.31 ~0.4959 —04930 —04902 04874 ~0.4B45 —04817  —04789 —0.4761 —0A4733 —0.4705
032 04677 —0.4649 04621 —0.4593 ~0.4565 —04538 04510 —0.4482  —0.4454 —0.4427
033 —0.4399 —0.4372 04344 04316  -0.4289 ~0.4261 —0.4234 ~04207  —04179 ~0.4152
0.34 ~0.4125 ~04097  —DA4070  —04043 -0A401¢ ~0.398% —0.3%:1 -0.3934 03907 —0.3880
¢35 ~0.3853 —0.3826 -0.379%  —03772  —0.3745 -0.37{% 03652 —0.3665 —0.3638 —0.3611
.36 —~0.3585 —0.2558 —-0.385i ~0.3505 —03478 —~0.3451 ~0.3425 -0.32%8 —0.3372 —0.334%
.37 —{.3319 —0.3292 —0.2266 —-0.323¢ ~0.2213 —0.2186 —0.3160 03134 —03107 —0.308 1
E38 —{.3058 ~0.302% -0.3002 02976 02950 ~02524 ~02000 —0.2871 ~0.2845 ~0.281%
g.x¢  —0.z7%E =-02767  ~Q2F4I —Q27IE —{.262% ~0.26€2 ~Q.2637 —0261 ! ~Q25E8 ~0.255¢
049 —0.252% —0.2508 —~032481 02456 02430 —0.2404 —0.237¢ ~0.235% ~0.2327 —0.2301
¢.4i —Q.2275 —0.225¢C ~02224  ~0.2198 ~0.2173 —0.2i47 —~0.2121 —0.209% —0.2070 —~3.2045
.42 —Q0.201¢ ~0.19%3 —oises 0942 -0l —0.18%¢ —0.1866 ~0.1840 ~{.1815 -0.{78%
0.43 —0.1764 ~0i738 01713 —0.1687  —-0.1662 ~0.1637  —G.16l1 -0.1586  —0.1560 —0.1535
G.44 ~0.1510 ~0.1484  -0.145% -0.l434  —0.1408 -0,1383 ~0.§358 ~0.1332  ~0.1307 -0.1282
0.45 —Q0.1257 —{.1231 —-Q.1206  —0.118i —0.1156 -0.0130 —~0.1105 -0.1080 —0.1055 —0.1030
0.46 —-0.1004 —0.097%9  —0.0954  —0.092%  -0.0904 ~0.0878  -—0.0853 ~-0.0828  —0.0803 —0.0778
0.47 —0.0752 -00728 —00702 00677 00652 00827 —0.0602 —0.0577  —0.0852 —0.0527
0.48 —-00502 00476 —0.0451 . —0D426  —0.0401 —0.0376  —0.0351 -0.0326 ~0.0301 ~0.0276
0.49 —0.0251 ~0.0226  —0.0201 —-0.0i75 -0.0150 00125 ~0O0I100 ~0.0075 ~0.0050 —0.0025
0.50 0.0000 0.0025 0.0050 0.0075 0.0100 00125 0.0150 0.0i75 0.0201 0.0226
.51 0.025} 0.0276 0.030] 0.0326 0.0351 0.0376 0.0401 0.0426 0.0451 0.0476
0.52 00502 . 00527 0.0552 0.0577 0.0602 0.0627 0.0652 0.0677 0.0702 0.0728
0.53 0.0753 0.0778 0.0803 0.0828 0.0853 0.0878 0.0904 0.0929 0.0954 0.0979
0.54 0.1004 0.1030 0.1055 0.1080 0.1105 0.1130 0.1156 o.1i8i 0.1206 01234
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] 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
058 0.1257 0.1282 0.1307 01332 0.1358 0.1383 0.1408 0.1434 0.1459 0.1484
056 0I516 7 01535 01560 61586 a.161l 0.1637 0.1662 0.1687 0.1713 © ~ 01738
057 0.1764 0.1789 0.1815 0.i840 0.1866 0.18%1 0.1917 aise 0.1968 0.1993
058 0.201% 02045 0.2070 0209 02121 02147 02173 02198 02224 02250
0.59 02275 0.2301 0.2327 02353 02378 0.2404 0.2430 02456 02482 02508
0.60 02533 02559 02585 02641 02637 02663 0.2689 02715 0.2741 02767
061 02793 02819 02845 02871 02898 0.2924 0.2950 0.297¢ 03002 0302%
0.62 0.3055 03081 03107 03134 03160 03186 03213 03239 0.3266 03252
0.63 0.331% 0.3345 03372 033% 03425 03451 0.3478 03505 0.3531 03558
0.64 03585 03611 03638 03665 0.3692 03719 03745 0312 0379% 03828
0.65 03853 0.3880 03907 0.3934 0.3%1 03989 04016 0.4043 0.4070 04097
056 04125 0.4152 04179 04207 0.4234 04261 04289 04316 0.4344 04372
047 04393 04427 04454 04482 04510 04538 04565 04593 04621 04649
0.68 04677 04705 04733 04761 0.4789 04817 04845 04874 0.4502 04930
0.69 04959 0.4987 05015 05044 05072 asiol 05129 . 05158 05187 - 05215
0.70 0.5244 05273 05302 0.5330 05359 05388 05417 . 0.5446 0.5476 05505
071 05534 05563 0.5592 0562 0.5651 0.5681 05710 05740 05769 05799
0.712 05828 0.5858 0.5888 05918 0.5948 0.5978 '0.6008 0.6038 0.6068 0.60%8
0.73 06128 0.6158 0.6189 06219 0.6250 0.6280 046311 06341 0.6372 0.6403
0.74 0.6433 0.6464 0.6495 0.6526 0.6557 0.6588 0.6620 0.6651 0.6682 04713
0.75 0.6745 0.6776 0.6808 0.6840 0.6871 0.6903 06935 06967 0.6999 0.7031
0.76 0.7063 0.,7095 07128 07160 07192 0.7225 07257 0.7250 0.7323 07356
0.77 0.7388 0.7421 0.7454 0.7488 0.7521 0.7554 0.7588 0.7621 0.7655 0.7688
0.78 07722 07756 0.7790 0.7824 0.7858 0.7892 0.7926 0.7961 0.7995 0.8030
0.79 0.8064 0.809% 08134 08169 0.8204 0.8239 08274 08310 0.8345 0.8381
0.80 08416 0,8452 0.8488 0.8524 0.B560 0.8596 0.8633 08569 0.B705 0.8742
0.8 08779 0.8816 0.8853 0.8890 0.8927 0.8965 0.9002 0.5040 0.9078 09116
0.82 0.9154 0.9192 0.9230 0.9269 09307 0.9346 0.9385 : 0.9424 0.9463 0.9502
= o e R
Table Al (Continued)

[ 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
0.83 09542 0.9581 09621 0.9661 0.970! 0.9741 0.9782 0.9822 0.9863 0.9904
0.84 0.9945 0.9986 1.0027 1.006% 1.0110 10152 1.01%4 1.0237 1.027% 1.0322
0.85 1.0364 1.0407 1.0450 1.0494 1.0537 1.058] 1.0625 1.0669 1.0714 1.0758
0.86 1.0RD3 1.0848 1.0893 1.0939 1.0985 1.1031 14077 11123 1.i170 L1217
e.87 I.1264 11314 1.1359 1.14067 1. 1455 11503 1.1552 1.1601 1.1650 11700
.88 1.1750 1.1800 1.{850 1.196] 1.195 1.2004 1.2085 (2107 1.2160 12212
C.B% f.2265 [.231% [.2372 £.2426 £.2481 [.2536 §.25%( {2646 12702 12752
0.99 [ 12873 [.2830 £.2988 13047 1.3t0g [.3168 12228 [.32E% 1.334¢
8.5l [.3408 1.546% 35822 [.3528 13650 [.2722 {3787 L3852 P.2e17 12904
6.52 {4081 [411L0 14167 | 4288 14328 [.43¢8 | 4466 {4558 L4611t 14684
653 [ 4788 [.4823 [ £20% [.426% [.B08F {514l [y {53010 L5262 1.5464
484 tES4E {5622 ETHB 1.5GOS [.58%5 [.E9E2 16072 16184 {6258 [.6352
8.98 1.644% [.6546 [ 646 [.6747 1.684% 1.6954 {.7060 {7069 17279 1739
.96 §.7507 17624 1.7744 L7868 £79%1 [.811% 1.8250 1.8384 [.8522 1.8663
0.7 1.8808 1.B957 18110 i.9268 §.9431 1.9600 1.9774 1.9954 2.0141 2.0335
¢.28 2.0537 20749 2.096% 2.1201 2.1444 21701 21973 22262 2.2571 22904
0.99 23263 213656 24089 24573 25121 25758 2.652) 27478 28782 3.0902

60§

Source Generated by R. L Jman. Used with permission.
“The entries in this tabie are quantiies 2, of the standard normal random variable Z selected so P{Z < ;) = p and P(Z > z) = | — p. Note that the
value of p to two decimal places determines which row 1 use; the third decinal place of p determines which column to use to find 2,
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TABLE A2 Chi-Squared Distribution* 1 TABLE A3 Binomlal Distribution®
p=0750 . 0900 0950 0975 0950 0995 0999 L a y p=005 010 0I5 o 035 030 035 048 0ds
, 10.83 ; '
k= ; gg ﬂg: g;l:: 3:‘3’;: :g?g lg‘g’ s | 0 09500 09000 08500 08000 U500 07000 06500 06000 05500
a 4,108 6251 7815 9348 11.34 :m : :g : , ; 1.0000 10000 10000  1.0000 10006 LOOOO  1.0000  1.0000  1.0000
4 5385 7.779 9.488 1L14 13.28 84 E : 0.9025 0.8100 07225 06400  0.5825 04500 04225 0. .
5 6626 - 9236 11.07 1283 15.09 1675 2051 ; 1 0.9975 09900 09775 09606 05375 09100  0.8775 0.3332 g.:g;:
6 ;’8; _:' :2_.3 :ig; ;Zg ::fula ;g»;i %}«;; » 2 1.0000 LOCO0 10000 10006 10000 L0000 10000 10000  1.0000
Z 102 1336 15.51 1753 2009 2196 26.13 ‘ a0 0.8574 07290 06141 05170 04219 03430 02746 02160  0.1664
9 139 1468 1692 19.02 21.67 2159 27.88 4 1 0.9928 09720 09392 0890  0.8438 07840 07182 04480 05748
10 1255 1599 1831 2048 ﬁ; ; :;i;: §:;: 1 0.9999 - 09990 09966 09926 0984 09730 09571 09360  0.9089
: 728 19.68 2192 . 3 1.0000 - 1. 0 |
:; :ig :ass 21.03 2334 2622 2830 3291 { « o 08145 ") :g:? l.oogo | ?00? ! 0000 10000 L0000 10000  £.0000
12 o 1981 s Fre 276 2982 3453 1 X ! 05220 . 040% 03164 02401 04785 0.129  0.0915
12 12 2106 348 212 2914 n . Wi . ! 0.9860 09477 08905 08192 0733 06517 05630 04752 03910
H 18.25 231 25.00 2749 3058 1280 37.70 2 0.9995 09963 09880 09726 0492 08163 08735 08208 07585
16 1937 2354 26.30 28.85 3200 3427 3925 i 1.0000 09999 09995 09984  099%i 09919 09850 09744 09590
17 20.49 24.77 27.59 30.19 3341 3.7 40.79 4 1.0000 10000 10000 10000 1000 LOOGO 10006 10000 10000
1] 21.60 2599 18.47 31.53 34.81 37.16 4231 5 o P 05905 0.4 . -
18 us 25 Y oy 2619 2858 Py . 4437 03377 u737E 068l 0160 00778 0.0503
20 2383 28.41 3141 34.17 3757 40.00 4532 t 0.9774 09185 08352 07373 04128 05282 04284 03370 02562
b 1] 24.93 29.62 3267 3548 3893 4140 46.80 2 0.59988 09914 09734 09421 0895 08369  0T648 06826 0593
12 26.04 3081 139N 3478 4029 4280 4027 3 1.0000 09995 09978 09933 09844 09692 09460 09130  0.8588
23 27.14 3201 35.17 38.08 4164 4418 49.73 4 L0000 10000 09999 09997 09990 09976 09947 09898  0.98l5
124 m: :;i:;z g;-zisl 33:’; ﬁ;‘: :i‘:g 3}3 5 10000 10000  L00DO 10000 10000 10000  1.0000  1.0000 10000
:: ;:::3 . 3556 38.89 40 4564 4829 54,05 1 6 @ 0.7351 05314 03771 0231 ol7so  0.0176 00754 00467 0.0277
27 31.53 3674 40.11 4919 4696 49.64 55.48 ¥ 1 0.9672 08857 07765 04554 €533 04202 03191 02333 0.1636
28 1.6 3791 41.34 4446 4828 50.99 56.89 2 0.9978 09842 09527 09011  0B306 07443 . 06471 05443 0.44i5
19 1371 39.09 4256 4572 4959 5234 58.30 3 0.9999 09987 09941 09830 0.9¢24 05295 08826 08208 07447
20 34.80 4026 Q7 46.98 50.89 53.67 53.70 4 1.0000 09999 09996 09984 09954 09891  OI7IF 0950 09308
40 45.62 g ; J: ; i;;g 3?43; ;zg %3,79 ‘ 2;2 5 1.0000 16000 10000 09999 09998 09993 09982  0995% 09917
:: 2:3: ey &7.50 AT n838 o9 9961 é 1.0000 1.0000 10000 10000  1.0000 10000 10000 10000 10000
70 77.58 85.53 $0.53 95.02 1004 104.2 1123 ! 7 0 0.6983 04783 0.3206 0.2097 8.1335 0.0824 0.0450 0.0280 0.0152
80 8813 - 9658 1019 1066 1123 1163 1248 , 1 0.9556 0.8503 07166  0.57¢7 04449 03294 02338 01586 01024
20 98.65 107.6 134 181 :g;.; mi :gi 2 0.9962 09743 09262 08520 07564 0.6471 05323 04199 03064
100 wz.i 7 “?';sz II:«L 5 lli:-gw 2326 1576 3.09 3 0.9998 09973 09879 09667 09294 08740 08002 07102  0.6083
X, L8713 . o . 4 1.0000 09998 0.9988 0.9953 0.9071 09712 0.9444 0.9037 0.8471
For k > 100 use the sppraximazion w, = (1)(z, + V2k— )}, or the mors accurate w, = 5 1.0000 10000 09999 09995 09987 09962 09910  098i2 09643
« (1 . D }.)'. where z, Is the value from the standardized normal distribution shown In the botom 3 1.0000 10000 10000 10000 09999 09998  0.9994 09984  0.9963
e ::h‘ ) 7 1.0000 1.0000 10000  1.0000  1LUCO KOO0  LOOOO  LOOOO  1.0000
Sounce Abridged from Table 8, Vol. | of Paarson and Harday (1976), with permlasion from the Alometrks,
Trustees.

“The entrias In this table are quantiles w, dnd\hqmndundomvuhhhwmﬂlkdcmndfrnwn.u-
lacusd 30 QW < w)) -’-ipuw(w>w,5

=1 p
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TABLE A3 (Continued)

n Yy »=003 o.10 0.18 o2 .25 0.30 035 0.40 0.45
TABLE Al (Continued)

8 0 08634 04305 02725 067 0dool 00576 00319 00168  0.0084

n y p=050 055 0.50 0.65 0.70 0.75 0.80 0.8% .90 0.95 | 0.9428 0.8131 0.6572 0.5033 0.3571 0.2553 0.1891 0.1064  0.0632
2 09942 09619 08MB  079%% 04785 05518 04278 0354 0.201

} 0 05000 04500 04000 03500 0.3000 02500 02000 0.1500 0.1000 00500 3 09996 09950 09786 09437 08862 08059 07064 05941 04770
¢ 10000 10000  1.000C  1.0000 1.00GO  1.0000 1.0000 L0OCO 0000  1.0000 4 10000 09996 09971  6.989 09717 09420 08939 08263 0739

2 0 02500 02025 00600 01225 00900 00625 00400 00225 00100 0005 5 1.0000 10000 09998 09988 09958 09887 09747 09502 05115
I 07500 06975 06400 05775 05100 04375 03600 02775 0.1900 00975 4 1.0000 10000 10000  059%% 0999 09987 09964 09915 098i9

2 10000  1OOOC 1.0000 1.0000 1.0000 10OGO 1.0000 10000 10000  1.0000 7 1.0000 10000 10000 40000 LODGO 09999 09998 09993  0.9983

3 0 01250 00911 00640 00429 00270 00156 00080 00034 0000 _ 0,000 1 8 10000 10000 10000 16003 10000 10000  1.0000 10000  1.0000
! 0.5000 04252 03520 02818 02160 0.1562  0.1040 00608, 00280 0.0072 i | 0 0.6302 03874 02316 Gi3dz 007851 0.0404 0.0207  o.0iol 0.0046

2 08750 08336 07840 07254 06570 05781 04880 03859 02710 01426 i 0.9288 07748 05995  043&2 03003 01960  0.120H4 0.0705  0.0385

3 10000 10000 10000 10000 10000 10000 10000 10000 10000 10000 2 g.:eis 0.9470 08591 07302 6.4007 04628 03373 02318 01495

3 9994 09917 09661 09144 08343 07297 06089 04826 03614

4 ‘l' g';:;: :{z:g 3:?;59; :‘l’;ig 3;3';3; g'g‘;z: g'g;; g'g':gg m; g‘m 4 10000 09991 09944 09804 09511 09012 08283 07334 06214
1 0675 0409 O05ME 04370 03483 02617 01808 0109 00523 00/40 S 10000 oy  owd om0 Qon 0sde 03006 0ma

3 09375 09085 048704 08215 07599 0.6836 05904 04780 03439  0.1855 7 1.0000 10000 1:3330 ?:ﬁgm,) 5:2:99 3.9” . g:”:: 09962 g::igg

4 10000 10000 10000 1.0000 1000 1.0000 1.00GO 10000  LOOOD  1.0000 B 10000 10000 10000 10000 L0000 10000 09999 09997 09992
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TABLE A3 (Continued)

TABLE A3 (Continued) n p = 0.05 016 - 0.l5 0240 .28 0.30 0.35 0.40 0.45
n y p=0350 055 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 19 0.3774 01351 00456  0OI4 0.0042 0.0011 0.0003 0.0001 0.0000

- 0.7547 04203 01985 00829 00310 00104  0.0031 0.0008 0.0002
f7 6 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000

03335 07054 04413 0.234% G 0.0462 00170  0.0055 0.0015
0.5868 0.8850  0.684} 0.4551 G.2631 0.1332  0.059! 0.0230 0.0077
0.9980 0.9648 08556  0.6733 0.4854 02822  0.1500  0.0696 0.0280

y
0
|
2
0.0001 0.0000 00000 00000 00000 0.0000 00000 00000 00000 00000 3
4
5 0.9998 09914 09483  0B3Y 06878 04739 02948  0.1629 0.0777
[
7
8
9
o

0.0012 00003 00001 00000 0.0000 00000 0.0000 00000 00000 0.0000
00064 0009 00005 00000/ 00000 00000 00000 0.0000 00000 0.0000
0.0245 00086 00025 00006 0.0001 0.0000 00000 00000 00000 0.0000
Q.0717 0.0301 00106 00030 00007 00001 00000 00000 00000 0.0000
0.1662 00826 00348 00120 00032 00006 00001 00000 00000 0.0000
0.3145 00834 00919 00383 00127 0003 00005 00000 00000 00000 ]
0.5000 03374 01989 00994 00403 00124 00026 00003 00000 00000
9 046855 05257 03595 02128 0.1046 00402 00109 00017 00001  0.0000
0 08338 07098 05522 038]2 02248 01071 00377 00083 00008 00000
11 0.9283 08529 0736] 05803 04032 02347 0.1057 00319 00047 0.0001

1.0000 0.9983 09837 092324 08251 0.6655 04812 03081 0.1727
1.0000 09997 09959  49V&Y 09218 0.8180 0.6656 04878 0.3169
1.0000 10006 09992 09933 05713 09161 0.8i45  0.6675 0.4940
1.0000 - 10000 09999 09984 w99l 0.9674 09125 08139 0.6710
1.0000 1.0000 10000 09997 09977 0.9895  0.9653 09115 0.8159
i 1.0000 1.0000 1.0600 10600 0.9995 09972 09886  0.9648 0.9129
12 1.0000 1.0000 1.0000 Lagon 0999 09994 09969  0.9884 0.9658

0wl O 1 D A e

: 13 10000 10000 40000 10000 L0000 09999 09993 0999 0989
12 09755 oo&i 0.8740 0.7652 04113 04261 02418  0.0987 0.0221 0.0012 14 1.0000 1.0000 1.0000 1.0000 {.0000 1.0000 0.9999 0.9994 0.9972
13 0993 09816 09536 08972 07981 06470 04511 02444 00826 00088 IS 10000 10000 10000 10006 10000 10000 10000 09999  0.9995
14 09988 09959 09877 09673 09226 08363 06904 04802 02382 0.0503 1§ 10000 10000 10000 10006  4.0000  1.0000  1.0000  1.0000 09999
IS 09999 09954 09979 09933 09807 09499 08818 07475 O05l&2 02078 | 17 10000 10000 10000 10006  I0u00 10000 10000 10000 10000
16 1.0000 10000 09998 09993 09977 099215 05775 09369 08332 05819 : 18 1.0000 1.0000 1.0000 1,000 1.0000 1.0000 1.0000 1.0000 1.0000
17 10000 10000 1.0000 10000 §.0000 10000 1.0000 1.0000 10000  1.0000 19 L0000 10000 10000 16000 10060 10000  1.0000  [.0000  1.0000

18 0 00000 00000 00000 00000 00000 00000 00000 00000 00000 0.0000 20 0 03585  0I206 00388 00015 G005 00008 00002 00000  0.0000

I 0000l 00000 00000 00000 00000 00000 00000 00000 00000 0.0000 . | 0738 03917 0475 0062 00243 00076 00021 00005 00001
2 00007 00001 00000 00000 00000 00000 00000 00000 00000 0.0000 ; 2 09245 06769 04049 07041 00913 00355 00121 00036 00009
31 00038 000I0 00002 00000 00000 00000 00000 00000 00000 00000 1 09841 0.8670 06477 04114 02252 0.0071  0.0444 00160 00049
4 00I54 00049 00013 00003 00000 00000 00000 00000 00000 0.0000 4 09974 09568 08298 0429 oudl4s 02375 00182 00510 00189
5 00481 00183 00058 0.00I4 00003 00000 00000 00000 0.0000 00000 ” 5 09997 09887 09327 08042 04172  04led 02454 - 0.1256 00553
6 01189 00537 00203 00062 00014 00002 00000 00000 00000 0.0000 X 6 10000 09976 05781 09133 07858 06080 04166 02500 0,299
7 02403  0.4280 00576 00212 00061 00012 00002 00000 00000 0.0000 : 7T 10000 0999 09941 09470 0498 07723 0.60I0 04159 02520
8 04073 02527 0.347 00597 00210 00054 00009 00001 00000 0.0000 : 8 10000 09999 0997 09900 09501 08867 07624 05956 04143
9 05927 04212 02632 00391 0059 00193 00043 00005 00000 00000 1 9 10000 L0000 09998 09974  0.98S! 09520 08782 07553 05914
10 07597 06085 04366 02717 0.1407 00569 00163 00027 00002 0.0000 10 10000  1.0000 10000 09951 U994l 09829 09468 08725 07507
11 08811 07742 06257 04509 02783 0.390 00513 o00il8 00012 0.0000 : H 10000 10000 10000 09995 09991 09949 09804 09435 08692
12 0.9519 08923 07912 06450 04656 02825 0.1329 0.0419 0.0064 0.0002 [ 12 1,0000 1.0000 1.0000 1.0000 0.9955 0.9987 0.9940 0.9790 0.9420
13 09846 09589 09058 08114 06673 04813 02836 01206 00282 00015 , 13 10000 10000 10000 10000 (0000  0.9997 09985 09935  0.9786
14 09962 09880 09672 09217 08354 06943 04990 02798 00982 00l09  ° } 14 10000 - 10000 10000 10000 10000 10000 09997 09984 09936
15 09993 09975 05918 09764 09400 08647 07207 05203 02662 0.0581 = IS 10000 10000 10000 10000 0000 10000  1.0000  0.9997 09985
16 09999 09997 05987 0994 09858 09605 09009 07759 05497 02265 M 16 10000 10000 10000 10006 10000 10000 10000  L000O 09997
17 10000 10000 09999 0999 09984 09944 09820 09464 08499 06028 : 17 10000 10000 10000 10000 10000 10600 10000  1.0000 10000
18 10000  1.0000 1.0000 1.0000 1ODOO 1.0000 1.0000 1.0000 1.0000  1.0000 . 18 10000 10000 10000 10000 10000 10000 10000 10000 10000

19 1.0000 1.0000 1.0000 1.0000 10000 1.0000 1.0000 1.0000 1.0000
0 1.0000 1.0000 1.0000 1.0000 1.00Ug L.oo0o 1.0000 1.0000 1.0000




TABLE A3 (Continued)

n y p=050 035 0.40 0.45 .70 0.75 0.80 0.85 0.90 0.95

19 @ 00000 0.0000 0.0000 00000 00000 00000 00000 00000 00000 00000
I 00000 00000 00000 00000 00000 00000 00000 00000 00000 0.0000
2 00004 00001 0.0000 00000 00000 00000 00000 00000 00000 0.0000
3 00022 00005 00001 00000 00000 ~ 00000 00000 00000 00000 0.0000
4 0009 00028 00006 0000f 00000 00000 00000 00000 0.0000 0.0000
5 00318 00109 00031 00007 00000 00000 00000 00000 00000 0.0000
& 00835 00342 00116 0003f 00006 00001 00000 00000 00000 0.0000
7 0.17% 00871 00352 00114 00028 00005 00000 00000 0.0000 0.0000
8 03238 0.1841 00885 0.0347 00105 00023 00003 ~ 00000 00000 0.0000
9 05000 0329 0.1861 00875 00326 00089 00016 00001 00000 0.0000
10 06762 05060 03325 0.1855 00839 0.0287 00067 00008 00000 0.0000

I 08204 04831 05122 03344 0.1820 00775 00233 00041 0.0003 0.0000
12 09165 08273 04919 05188 03345 0.1749 00676 00163 00017 0.0000
13 09682 09223 08371 07032 0526] 03322 00631 00537 000086 0.0002
14 09904 09720 09304 08500 07178 0.5346 0.3267 0.1444 00352 0.0020
15 09978 09923 09770 09409 08888 07369 05449 03159 01150 00132
14 09996 09985 09945 09830 09538 0.8887 (0.7631 05587 02946 0.0645
17 10000 09998 09992 09969 0989 09690 0.9171- 080I5 05797 02453
18 1.0000 10000 09999 09997 09989 09958 09856 09544 08649 06226
19 1.0000 10000 10000 10000 £.0000 1.0000 1.0000 1.0000 1.0000 LOOOD
20 00000 00000 00000 00000 00000 00000 0.0000 00000 00000 0.0000

00000 00000 00000 00000 00000 00000 00000 00000. 00000 00000
00002 00000 00000 00000 00000 00000 00000 00000 00000 0.0000
0,0013 0.0003 00000 00000 00000 0.0000 0.0000 00000 00000 0.0000
0.0059 00015 00003 00000 00000 00000 00000 00000 00000 00000
0.0207- 00064 0.00i6 00003 0.0000 00000 0.0000 00000 00000 00000
‘00577 00214 00065 00015 00003 00000 00000 00000 00000 0.0000
0.1316 00580 00210 00060 00013 00002 00000 00000 00000 00000
02517  0.1308 00565 0.019% 00051 0.0009 00001 00000 00000 0.0000
04119 02493 0.1275 00532 00171 00039 00006 00000 00000 0.0000
10 05881 04086 02447 0218 004680 00139 00026 00002 00000 0.0000
I 07483 05857 04044 02376 0.1133 00409 00100 00013 00001 0.0000
IZ 08684 07480 05841 03990 02277 0.1018 0.0321 00059 0.0004 0.0000
I3 09423 08701 07500 0.5834 03920 0.2142 0.0867 0.0219 00024 0.0000
14 0579 05447 08744 07546 05836 03828 0.1958 00473 00113 0.0003
15 0.9%41 09811 09490 08818 07625 05852 0.3704 0.1702  0.0432  0.0026
16 05987 09951 09840 09556 08929 07748 05886 03523 01330 00159
17 09998 09991 0994 039879 09645 05087 0.7939 05951 03231 0.0755
I8 10000 09999 09995 09979 09924 09757 09308 08244 06083 02642
19 1.0000 1.0000 10000 09998 09992 09968 09885 09612 08784 04415
20 10000 10000 10000 {0000 10000 1.0000 L.OOOC 1.OCOO 10000  LooOD

onqm;vxaww—e

'Ylmﬁubhnnﬂdgﬁlsﬂ‘ibuﬂmvd&zmmnmdp.?hemﬂumthovdmd?{‘/sy}-Eh(ﬂp'(l - py, for p rang-
ing from 0.05 to 0.95.

For n targer than 20, tha rth quantile y, of 2 binomial random variable muy ba approximated using y, = np + 2, Vap(i — p),
where z, Is the rth quantile of a standard normal random varlable, cbiained from Table Al.




TABLE A7 Quantiles of the Mann-Whitmey Test Statistic®

m=32 3 4 5 [ 7 8 k] ie 1 iz 13 [F] i5 & 7 18 i¥ 20
n P
3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3
::::; 3 ; i 3 3 3 3 3 3 3 3 3 3 i ‘3‘ i 3 ‘51 ;
.01 3 33 3 3 33 3 303 3 « 4 N :
2 3 3 4 4 4 5 5 5 5 s 5
ey 3 I 4 .5 s 5 s 6 6 71 1 71 7 8 8 8
v SRS L A e R - 78 8 g 9 TR SY 1;
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oty ‘ g 7 8 9 9 10 1 il 12 12 i3 4 14 15 16 16 i‘:’ ;g
o 3 & 8 9 w n 2 12 13 M 15 % 17 7 B %2 2 2
3 i3
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m :g :g :g :g 1 i 12 12 13 i3 4 4 is 16 16 i; ;g ;: ;?
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12 13
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0.008 21 20 2 3 24 23 2% 27 8 29 31 k>3 33 34 3 ’ " n M
0.01 2 A3 oW B % o B B W M B ¥ w4 4 b M
LY x 8 3 | B 3%
ey 2 noOm m o m o w o m M % om o» o4 e 7 % w2
0.10 B ® 2 ®» 3 3 3/ ;W ¥ 4 43 45 4T 4 58 & 8w
y 2% 30 3 R 34 35 36 37 a8 39
B+ 2 3 2 P EEEEZEPSOSzErgioaoEios
28 23 n kv ] 13 35 k13 a8 . l 4
s 3 B BOE R 2R RS PP OEEREEEEQ
t w3
:15 ;: §3 35 37 40 43 45 47 50 52 55 57, [<9 :: :; 65: :: !7; ::
7 38 % 4 41 43 45 46 48 4
w0z ox oz omo2omog 8 &4 4883 ouoEogow
.01 3 ¥ 0W 4 48 M & 4@ » ¢4 8 & @ @ 7
! 5 4 s 2 5 5% 5% 6 6
0.828 37 39 44 43 4; pe i b g b % L& 5 bt
48 42 45 47 50 52 55 57 [£4] o
::7: :g 42 44 47 50 53 56 59 1] 64 &7 70 3 76 75 82 85 88

e 2y g o o et i g e e e o it

n ¢ m=2 3 4 5 6 7 8 9 1 n - R ) 1 19 20
0.001 45 45 45 47 48 4 5 52 M 56 B & 4l €& 45 67 e 7 n

0.005 5 4 47 4 51 53 55 57 5% & &4 & e 70 73 75 7 82

g O 4 47 & s 53 5 57 & & e & 8§ T 4 7 % B a4 8
0.025 48 50 53 5% 58 6l 2 % & T M T m 8 85 8 9 94

0.05 47 56 52 58 58 6l #4 & M Mm% B B 6B s 9 % 97 100

.10 48 51 55 58 sl s g8 71 "o oW 84 87 9 94 98 101 164 108

0.001 55 55 % 5 5% & & # 6 & W B OB T T 8! 83 8 88
0.005 55 5 s8 &0 € & e €& 7T M 77 B @ & & 3 93 95 9§

P Y] 55 57 5% @ 4 67 8 N s B B0 83 8 8 9 94 % 100 103
0.025 56 C R 54 & 1 73 7% 79 @ 8 8 % %5 % ol {4 o8 1]

0.05 57 € & &g W 7T 7 B B & % B 5T w0 i 107 4 4 |8

0.i0 59 € % & W T ® M B % % % W3 7 w0 4 LE 2 12

0.001 6 6 67 & M M 7 8 M- 8 8 9 9 9 9% it 104

0.005 6 7 ©® T M 7w 8 8 8 8 9l 9 97 100 103 06 109 112 {15
T 7 8 7 4 % 0™ @ 8 8 %2 95 98 101 W4 108 1l 14 17 g0
0.025 &7 2 ® 76 80 B3 8 %0 9 97 10 w4 107 Ul 14 1B 12 126 19

0.05 8 275 79 8 8 90 9% 98 10l 05 409 113 (17 121 24 128 (3@ 136

0.10 70 Mo @ 8 %0 s 98 403 107 N .15 B9 24 (28 132 136 140 145

0.001 b3 ® M W 82 8 s 9 93 9% 98 102 lod 106 (10 (13 e 18 121

0.005 78 B0 82 8 88 o $4 97 400 103 106 [0 W3 fde 120 123 i 130 %

p oul 78 8l B @ 80w s 0 103 lo7 10 14§47 qm o 125 1 i3 135 (39
0.025 80 B8 %0 8 7 01 W5 1B N2 16 10 (4 138 13 (36 48 14 s

£.05 8t BB w9 400 105 409 N1 07 U2 26 130 134 139 143 17 51 15y

0.t0 &3 87 9 % H00 105 105 k4 LB 123 428 32 137 142 146 151 156 1e6 e

0.60% 51 59 93 e %700 103 06 09 H2 U5 M8 i21 14 127 130 (3 137 40

£.005 2l &3 o 596205109 42 6 {19 123 126 130 34 137 441 185 e 152
T n Moo uou0bdoe a8 H2 115 IS B 07 03 135 138 43 7 15 s a8
0.025 93 J 100 b4 OB 42 dle 1200 025 19 UL 37 42 M6 1St 155 159 a4 fes

.05 94 %2 o7l s I I 128 3 19 W3 d48 153 57 g2 i 72 176

o.10 9% oL He5 0 N5 1200 425 130 935 M0 M5 10 IS5 10 i66 171 1% 181 lge

0.001 105 o5 BT ER2ME B 200 25 18 G310 35 138 142 M5 49 12 156 o

0.005 1051070 M3 N7 a2t 024 128 IR 036 14D 44 MB 152 156 60 1eq 16 173

. 4 081 106 108 h2ne M1 1B 128 12 36 M0 M4 49 sz 157 1 igs im o i79
0.025 107 HEusme M 28 32 BT M2 M6 IS1 0 1s6 (el 165 170 (75 (8o 184 fg

0.05 108 Haoowroomoomom o e W 1 i & 1e 72 17 1@ ee 193 1o

0.10 110 He 2l uz6 B 4 4x M7 153 158 1s4 169 75 180 186 (o 17 203 208

0.001 120 20 ma2s 8 133 35 38 M2 M5 M8 15 IST 16l Gt tes 172 176 180

0.005 120 ™6 B34y Ml M5 450 IS4 156 163 G772 178 is i85 19 154

i 0o 121 2418 i 136 M0 M5 49 IS4 U5 16 18 i 177 g 187 191 1os  3m1
0.025 122 126 I3 035 M0 445 U5 1S5 us0 165 U0 975 180 185 18l 196 201 206 il

0.05 124 1283139 4 M 134 de0 165 a7 476 U2 167 193 158 204 205 215 33l

.16 126 3L 47 M3 M8 1M 0 e 2 158 184 189 95 200 27 213 w9 e a5y

0.001 136 6 139 M2 M5 M IR 156 160 64 188 T2 1% 180 i85 185 193 197 202

0.808 136 139 M1 e IS0 IS5 59 04 188 T3 7B i@ 187 12 197 209 207 211 216
Y 137 MOl 9 153 a5t 168 I3 78 183 188 Je3  f%8 a0 208 213 359 aad
0.025 138 M3 MBam. s 163 18 M4 U™ e 190 196 201 27 22 218 23 19 o8

0.05 - 140 MS WS S 62 7 73 % 1B sl 07 22 08 24 20 26 am mh ok

0.i0 142 148 154 160 166 173 79 i85 191 198 04 211 a7 23 230 236 243 249 256




TABLE A7 (Continued)

= » m=1 3 4 5 & 7 L] 9 10 it 12 13 i4 [} 16 17 i8 19 20
0801 - 183 .. 1M 156 159 63 7 705 179 18 i -] 192 197 201 206 P21 215 220 24
0.005 153 156 160 164 169 i3 7 183 188 193 198 203 208 i 2 224 2% 238 240
T (1] 154 158 162 167 n 177 162 187 192 198 an 209 24 20 225 px]] 236 242 47
0.028 156 180 165 171 126 82 (88 193 199 205 20 27 W 1 1B H1 M7 283 19
8.05 157 (L] 3] 174 180 187 193 199 205 2t 2i8 24 23 237 243 250 256 263 %9
ole 16D 166 122 175 185 92 99 206 212 219 26 233 239 246 253 240 267 274 281
0.001 4] 172 175 £78 ¢ i8é 1% 195 199 24 207 214 218 3 28 233 238 243 248
0.005 7 174 i78 163 188 193 198 X3 209 2i4 219 125 230 px 3 2 247 253 259 264
18 o0l i7n2 176 18t 186 191 196 biizd 208 213 219 25 31 n7 242 248 254 260 266 e
0.025 i74 i is4 190 196 am 208 214 220 nr 33 239 246 252 58 265 ko4 278 284
.05 176 181 188 194 WO 207 U3 W 07 W3 M40 M7 B4 WO %7 24 281 288 2%
[ R} 178 185 92 99 we U3 pe 27 34 Hi 249 256 283 270 278 285 22 300 307
000 190 191 194 198 202 306 At 26 W 15 BI 236 241 246 21 BT 242 w8 N
0.005 191 194 198 203 208 23 29 024 ;30 236 241 M8 254 260 285 W W BEe 2N
7 2.0l i92 195 200 206 2 pits a3 29 235 240 247 54 260 246 m 279 285 292 298
0025 193 198, 204 2i¢ 216 23 2% 36 243 49 56 263 269 276 3 290 w7 304 3i0
0.05 195 w! 208 214 224 28 35 242 249 256 243 271 78 285 292 300 307 34 32
o.i0 198 W5 2 2% 1 B4 M2 M9 2B7 24 I WO 289 295 303 L P IW I
0.001 210 AL 24 W8 DT W2 W M3 M8 253 289 WS 20 276 281 W 293 299
0.005 2H 214 piid 224 pro 35 241 247 253 259 245 bri 278 284 220 297 an 310 3ié
20 001 212 6 2y W @ 3 Ms Bl 28 w4 AN W W4 29t 298 e o R L I T I ¥
0.025 213 9 25 i px ] M5 251 259 65 a3 280 187 294 301 309 316 323 330 338
0.08 218 i i) 236 243 250 58 285 3 280 288 295 303 3 318 326 334 34i 349
o.40 218 28 %3 24i 9 57 65 73 281 289 %7 305 313 a2 330 338 346 354 362
For n or m greater than 20, the pth quantile w, of the Mann-Whimey test may be approxi d by

w,=n{N + 1)i2 +2,Vam{N + ()12

where I, is the pth quantlle of a standard normal random variable, obtained from Table Al, and where N = m + n.
* The entries in this table are quantiles w;, of the Mann—Whitney test statistic T, given by Eq S.1.1, for selected values of p. Note that P(T < w,) < p. Upper quan-
_ tiles may be found from the equation

w, = aln -+ m 1) — wy.,

Critical regions correspond to values of T less than (or greater than) but not equal to the appropriace quantle.
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542 APPENDIX

TABLE Al0 Quantiles of Spearman’s p*

n £ = 0900 0.950 0.975 0.990 0.995 0.999

4 0.8000 0.8000

5 07000 . - 0.8000 0.9000 0.9000

& 0.6000 07714 0.8286 08857 0.9429

7 05357 046786 0.7500 0.8571 0.8939 . 0.9643

B 05000 ~  061%0 07143 0.8095 0.8571 09286

9 0.4667 05833 06833 0.7667 08167 0.9000
0 0.4424 05515 0.6364 07333 07818 0.8667
i 0.4182 05273 0.6091 0.7000 0.7455 0.8364
12 0.3986 0.4965 0.5804 0.6713 0.7203 08112
13 03791 04780 0,5549 0.6429 06978 0.7857

“14 0.3626 04593 0.5341 0.6220 0.6747 0.7670

i5 0.3500 0.4429 05179 0.6000 0.6500 0.7464
16 0.3382 04265 05000 0.5794 0.6324 0.7265
17 0.3260 04118 04853 0.5637 0.6152 0.7083
8 03148 0.3994 0.4696 0.5480 05975 0.6904
19 0.3070 0.3895 04579 0.5333 0.5825 0.6737
20 0.2977 0.3789 0.4451 0.5203 0.5684 0.6586
21 0.2909 0.3688 04351 0.5078 0.5545 0:6455
22 02829 0.3597 0.4241 0.4963 05426 06318
13 02767 03518 04150 0.4852 05306 06186
24 0.2704 03435 04061 0.4748 0.5200 0.6070
25 0.2646 03362 0.3977 0.4654 0.5100 0.5%62
26 0.2588 0.3299 0.3894 04564 0.5002 0.5856
27 0.2540 0.3236 03822 0.4481 0.4915 0.5757
28 0.2490 03175 0.3749 0.4401 0.4828 0.5660
29 0.2443 03113 0.3685 0.4320 0.4744 0.5567
30 0.2400 03059 03620 04251 0.4665 0.5479

-For n greater than 30 the approximate quantiles of p may be obtained from

zy
-
" Va—|
where z, Is the pth quantile of a standard normal random variable cbained from Table Al.
SourcE: Adapted from Glasser and Wineer (1961), with correcd with permission from the Bi &

Trustees. .
*The entrles In this table are selacted quantiles w, of the Spearman rank correlation cosfficient p when used
as a test statistic. The lower quantlies may be obtalned from the equation

Wy = Wiy

The critical region correspdnds to values of p smaller than (or greater than) but not Including the appro-
priate quandle. Note that the medlan of p is 0.

i
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TABLE All Quantiles of the Kendall test statistic T = N, — N,;. Quantiles
of Kendall’s 7 are given in parentheses. Lower quantiles are the negative of
the upper quantiles, w, = —w,_,.

n p = 0.900 0.950 0.975 0.990 0.995

4 4 (0.6667) 4 (0.6667) . & (1.0000) 6 (1.0000) 6 (1.0000)

5 6 (0.6000) 6 (0.6000) 8 (0.8000) 8 (0.8000) 10 (1.0000)

6 7 (0.4667) 9 (0.6000) Il (0.7333) 11 (0.7333) 13 (0.8667)

7 9 (0.4286) 11 {0.5238) 13 (0.6190) 15 (0.7143) 17 (0.8095)

8 10 (0.3571) 14 (0.5000) 16 (0.5714) 18 (0.6429) 20 (0.7143)
9 12 (0.3333) 16 (0.4444) 18 (0.5000) 22 (0.6111) 24 (0.6667)
10 15 (0.3333) 19 (0.4222) 21 {0.4667) 25 (0.5556) 27 (0.6000)
t 17 (0.3091) 21 (0.3818) 25 (0.4545) 9 {0.5273) 31 (0.5636)
12 18 (0.2727) 24 (0.3636) 78 (0.4242) 34 (0.5152) 36 (0.5455)
13 22 (0.2821) 26 (0.3333) 32 (0-4103) 38 {0.4872) 42 (0.5285)
14 23 (0.2527) 31 (0.3407) 35 (0.3846) 41 (04505) . 45 (0.4945)
15 27 (0.2571) 33 (0.3143) 39 (03714) 47 (0.4476) 51 (0.4857)
15 28 (0.2333) 36 (0.3000) 44 (0.3667) 50 (0.4167) 56 (0.4667)
17 32(02353) 40 (0.2941) 48 {0.3529) 56 (0.4118) 62 (0.4559)
18 35 (0.2288) 43 (0.2810) 51 (0.3333) 61 (0.3987) 67 (0.4379)
19 37 (02164) 47 (02749)° 55 {0.3216) 65 (0.3801) 73 (0.4269)
20 40 (0.2105) 50 (0.2632) 60 {0.3158) 70 (0.3684) 78 (0.4105)
21 42 (0.2000) 54 {0.2571) 64 (0.3048) 76 (0.3619) 84 (0.4000)
22 45 (0.1948) 59 (0.2554) 69 {0.2987) 81 (0.3506) 89 (0.3853)
23 49 (0.1937) 63 (0.2490) 73 (0.2885) 87 (0.3439) 97 (0.3834)
24 52 {0.1884) 66 (0.2391) 78 {0.2826) 92 (0.3333) 102 (0.3696)
25 56 (0.1867) 70 (0.2333) 84 (0.2800) 98 (0.3267) 108 (0.3600)
26 59 (0.1815) 75 (0.2308) 89 (0.2738) 105 (0.3231) 115 (0.3538)
27 61 (0.1738) 79 (0.2251) 93 {0.2650) i1 (0.3162) 123 (0.3504)
28 66 (0.1746) 84 (0.2222) 98 (0.2593) 116 (0.3069) 128 (0.3386)
29 68 (0.1675) 88 (0.2167) 104 {0.2562) 124 (0.3054) 136 (0.3350)
30 73 (0.1678) 93 (0.2138) 109 (0.2506) 129 (0.2966) 143 (0.3287)
3 75 (0.1613) 97 {0.2086) 115 (0.2473) 135 (0.2903) 149 (0.3204)
32 80 (0.1613) 102 (0.2056) 120 (0.2419) 142 (0.2863) 158 (0.3185)
33 84 (0.1591) 106 (0.2008) 126 (0.2386) 150 (0.2841) 164 {0.3106)
34 87 (0.1551) 11 (0.1979) 131 (0.2335) 155 {0.2763) 173 (0.3084)
35 91 (0.1529) - 115 (0.1933) 137 (0.2303) 163 (0.2739) 179 (0.3008)
36 94 (0.1492) 120 (0.1905) 144 (0.2286) 170 (0.2698) 188 (0.2984)
37 98 (0.1471) 126 (0.1892) 150 (0.2252) 176 (0.2643) 198 (0.2943)

54
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TABLE AI2 Quantlles of the Wilcoxon Sipined Raile Tast Statistic

a{n+1)
Wese1 W Woois Woay Wisgy Wi Wo Wy Wy 2
TABLE All (Continued) n=4 0 0 0 0 ' 3 3 4 5 o
5 0 0 0 I 3 5 3 75 15
n p = 0.900 0.950 0975 0.990 0.995 s ] ° | 3 ¢ 8 9 105 21
7 0 [} 3 4 G Bl 1 2 14 28
18 103 (0.1465) 131 (0.1863) 155 (0.2205) 183 (0.2603) 203 (0.2868) 8 . 2 * . . - 4 6 18 2
19 107 (0.1444) 137 (0.1849) 16l (02173) 191 (0.2578) 211 (0.2848) 0 ’ W -
0 110(0.1372)  142(0.1821) 168 (02154) 198 (02538) 220 (02821) 6 9 0 e 18 20 225 45
H o 114(04390) 146 (0.1780) (74 (02122) 206 (0.2512) 228 (0.2780) lo 4 6 9 i i i n 25 275 55
2 119(0.138)  I51(0.0754) 181 (02102) 213 (0.2474) 235 (02729) , i 6 ] i 14 1@ 13 27 30 3 &
3 12301363 157 (0.1739) (87 (02071) 121 (0.2447) 245 (0.2713) T on 8 10 14 18 w % 0 2 39 79
M 128(01353)  162(0.1712) 194 (02051) 228 (0.2410) 252 (0.2664) - 13 10 13 18 n 7 53 18 2 455 91
5 132(0.1333) 168 (0.1697)  200(02020) 236 (0.2383) 262 (0.2646) “ 3 16 » ) o 0 y 8 525 105
16 135(0.1304) 173 (0.0671) 207 (0.2000) 245 (0.2367) 271 (0.2618) s 1 20 26 3 - o 5t o5 o 120
7 141 {01304 179 (0.1656) 213 (0.1970) 1253 (0.2340) 279 (0.2581) 1 20 o o
18 [44(0.1277) 186 (0.1649) 220 (0.1950) 260 (0.2305) 288 (0.2553) : 24 30 36 3 1 58 63 68 136
] 150 (0.1276) 190 (0.1616) 228 (0.1939) 168 (0.2279) 296 (0.2517) 17 21 28 35 42 Ay L5 45 74 765 153
0 153{0.1249) 197 (0.1608) 233 (0.1902) 277 (0.2261) 305 (0.2490) : 18 28 1 4 48 s & 73 80 855 171
it 159(01247) 203 (0.1592) 241 (0.1890) 285 (0.2235) 315 (0.2471) 19 33 38 4 54 <3 ¥ 82 89 95 190
iz 162 (0.1222) 208 (0.1569) 248 (0.1970) 294 (0.2217) 324 (0.2443) - 10 38 4 53 61 0 o a1 98 105 210
3 168(0.1219) 214 (0.A553) 256 (0.1858) 302 (0.2192) 334 (0.2424) 21 “ 50 5 & . o 100 08 1155 .
M I73(0.1209) 221 (0.1544) 263 (0.1838) 311 (02173) 343 (0.2397) ‘ 2 P " s ’ -
5 177(01192) 17 (0.4529) 269 (0.I811) 319 (0.2148) 353 (0.2377) 6 67 76 & 195 to 9 165 253
6 182(0.1182) 232 (0.1508) 276 (0.1792) 328 (02130) 362 (0.2351) n 55 63 74 & v 120 36 138 276
i7 186 {0.1165) 240 (0.1504) 264 (0.§779) 336 (0.2105) 371 (02331) 24 61 70 a2 92 105 N 131 144 150 300
8 191 (0.1155) 245 (0.1482) 291 (0.I760) 345 (0 381 (0.2305) 25 & 77 90 T I TR Y 143 153 1625 125
i9 197 (0.1151) 251 (0.1467) 299 (0.1748) 355 (0.2075 391 (0.2285) 26 76 85 99 m 15 $-i2 155 145 175.5 KL
0 202 (0.1141) 258 (0.1458) 306 (0.1729) 364 (0.2056) 402 (0.2271) 27 84 % 4 120 1 14 1e7 78 189 378
or n greatar than &0, spproximate quantiles of T may ba obeained from 28 92 102 17 131 146 18 160 192 201 406
: 19 101 mn 127 40 158 17 193 206 2175 435
Wz, 91"——‘}%’1-“—51 30 1o 12l 138 152 1% 191 307 220 2325 465
a1, e H 148 64 1@ w5 221 235 248 496
::l:‘?mnm the standard normal distribution given by Tabis AJ. Apprasdmate quantiies of r may be : 1 129 141 166 176 195 219 276 150 264 528
1 139 152 n 88 208 23 251 266 2805 561
W ,'_(ZAHM M 49 16 183 200 % w3 26 282 2975 595
. Wil ~ 1) | 38 160 175 196 244 136wy 283 299 B 630
“ritical raglons corraspond to valuex of T grester than (or lass than) but not including the xppropriute 38 172 187 209 228 151 ¥ 299 3i7 333 666
N 0. obualnad N N
o ot the madin S T . Qi for vare by dividing che quantlias of T by -t :z ::: ;:: ::: ;;2 26; 95 316 S 3BIS 703
7 28 3T 334 353 3705 741
. 9 A
ousce. Adspead from Tuble 1, Bast (1974), with parmission from the author . ,‘ 39 08 2§ 20 272 e 3% /2 372 390 780
j 40 21 229 %S 07 24 3 I M/ 410 820
f 4 235 253 260 63 33 3¢5 390 411 4305 86l
2 48 27 295 320 49 384 409 431 4515 903
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TABLE Al2 (Continued)

n(n+ 1)
Woss Wosi Waan Wo.o Woin Wi Wi Wea Woxs 2
41 263 282 K1} 337 366 403 429 452 473 946
A4 77 297 328 354 385 422 450 473 495 990
45 291 K1k} 344 inz 403 442 471 495 5175 1038
445 308 329 . 342 390 423 463 492 517 540.5 foal
47 324 48 379 408 442 484 514 540 564 1128
48 340 363 397 428 463 505 536 563 588 1176
49 357 sl 416 447 483 527 559 587 6125 1225
50 374 398 435 467 504 550 583 61 6375 ll?s

For n jarger than 50, the pth quantile w, of the Wilcoxon signad ranks test statistic may be approximated by w, = [nfn + 1)/4] +
,Vafn+ 1)(2n + 1)/24, whara 2, Is tha pth quantlle of 3 standard normal random varlabls, obtined from Table Al

Sounce. Adapted from Harter and Owasn (1970), with permission from the Amarican Mathematical Soclety.

*The antries In this table are quandias w, of the Wiicoxon signed ranks tast stadntic T*, givan by Equation 5.7.3, for selactad val-
uss of p 5 0.50. Quantllas w, for p > 0.50 may be putad from the squatl

W, = nfn +1 )2 ~ wiy

whers nfn + l)nlsgmnmﬁnﬁﬂuhndmlumnMdnnubhﬂoumul’(‘r’ﬁw,)spmdP(T*>w, )S 1 —pifH s
trus. Critical ragions correspond to values of T* laas than (or greater than) but not including the appropriate quantile,
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+
TABLE Al3 Quantiles of the Kolmogorov Tese Statistic®
One-Sided Test
p=090 095 0.975 0.99 G.995 =090 0.95 0978 0.99 0.925
Two-Slded Test
p=080 09 095 098 vy p=080 090 095 058 099
n=| 0.900 0950 0975 0590 0995 = 20 0.226 0259 0287 032 034
2 0.684 0776 0842 0500 0.929 et 0221 0253 0281 0314 0337
3 0.565 0.636 0708 0785 0.629 ey 0.216 0247 0275 0307 0330
4 0.493 0585 04624 0689 0.734 T 0212 0242 0269 0301 0323
5 0.447 0.509 0863 0627 0.88% ] 0.208 0238 0264 0295 03 l?
L] 0.410 0468 0519 0577 0417 74 4.204 0233 0259 0290 03Il
7 0.381 0436 0483 0538 057 r 04.200 0229 0254 0284 0305
[} 0.358 0410 0454 0307 054z 2] 0.197 0225 0250 0279  0.300
9 0.339 0387 0430 0480 0513 Ey 0.193 0221 0246 0275 0.295
10 0323 - 0369 0409 0457 o04ay Jets 0.190 0218 0242 0270 02%
11 0308 0352 0391 0437 0466 @y 0187 0214 0238 0266 0285
12 0.294 0338 0375 0419 0449 N 0.184 0211 0234 0262 0281 .
13 0.285 0315 0361 0404 0432 33 0.182 0208 0.23F 0258 0277
14 0.275 0314 0349 0390 0415 34 0.179 0205 0227 0254 0273
i5 0.266 0304 0338 0377 0404 35 0.177 0202 0224 0251  0.26%9
16 0.258 0295 0327 0346 0392 36 0.174 0.199 0221 0247 0.245
17 0.250 0286 0318 0355 0381 57 0.172 0.i96 0218 0244 0.262
18 0.244 0279 0309 0346 0.371 36 0.170 0.194 0215 0241 0258
19 0237 0271 0301 0337 0361 3y 0.168 a.19t 02]3 0238 0255
20 0232 0265 02%4 0329 0.352 L 0.165 0.18% 0210 0235 0252
Approximation 1.07 1.22 136 1.52 1.63
for n > 40 Va Vo Ve Vi VW

Souack. Adapred from Table | of Miller (1956). Used with permission of the American Statistical Assochtion.

“Tha entries in this tabla are selacted quandles w, of the Kolmogorov test seatlstles T, T7, and 7~ o1 defined by Equarion 6.1.) for
two-sided tasts and by Equations &.t.2 and 6.1.3 for one-sided tests, Reject H, at the lavel o If T exceeds the | — o quantile
given in this table. These quantles are exact for n = 40 in the two-tailed tast. The other quantiles are approximations that are
squal tothe wact quandles In most cases. A better approximation for a > 40 results If {n + V/nf10)"? Is used instead of Vi In
the denomlnator.
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TABLE A20 Quantiles of the Smirnov Test Statistic for Two Samples of
Different Size n and m*

v Test Statistic for Two Samples of Equal Size n® One-Sided Test:  p = 0.90 0.95 0.975 0.99 0.995
TABLE Al9 Quantiles of the Smirno al p q TwoSided Tow: b= 080 8.5% 0.7 899 099
One-Sided Test: One-Sided Test: _ _
" p= 0.90 095 0975 099  0.995 p=1090 095 0975 0.99 0.995 N=1 N 13 ';{;‘ :g
Two-Sided Test: Two-Sided Test: _ _
e ; = :.80 690 095 098 099 p=080 09 095 098 0.99 N=2 N= 3 gﬁ
n=3 213 23 n=121 72 8m 822 102 o2 5 4/5 4/5
4 34 3/4 34 . 23 73 8/23 923 1023 1o/3 g gj; (Sf;
5 3/5 3/5 4/5 415 415 24 724 824 9124 10724 11124 g 4 78 18
] 3/6 4/6 416 . 5/6 5/6 25 7725 8/25 9/25 1025 11725 9 719 glo b
* 7 47 477 57 57 577 28 7126 8126 9126 10126 14726 : ‘0 o 45 9/10
v ! N=3 Ny= 4 34 2
8 48 418 5/8 5/8 6/8 27 7127 8127 977 127 Wy ; ! 2 M by 45 o5
9 419 5/9 59 69 6/9 28 8128 9/28 1028 s a8 6 213 213 5/6
10 4110 5/10  6/10 6/10 7110 2% 8/29 929 10129 1129 128 7 213 577 &7 67
I 5/11 5/ é/11 Kie 711 30 8/30 9/30  10/30 11730 12130 8 s/g 374 3/4 78
12 5/12 512 &M M2 7712 ki 8/31 9/31  10/31 13 12431 9 2.;3 243 779 8/9 8/9
7 8/13 32 8/32 9/32 10/ M3 1R 10 s /b 4/5 9/10 910
1 s i 3 ' ) 12 7712 213 374 5/6 2
14 5/14 614 74 7/14 8/14 33 8/33 9/33  11/33 12433 1333 Ni=4 Ny=§ 3/5 34 475 475
i5 515 &15 7015 8/15 8/15 34 8/34 10134 1134 12134 13534 8 712 23 /4 s5/6 5/6
16 6/16 816 716 8/16 916 k1 8/35 10/35 1135 1235 1335 : ; ';%a ?/Z g;: gg ;j;
17 /17 mz Mz 8/17 9717 36 9/36 10136 11736 12436 - 13736 i 9 b an 4 L s
1] 6/18 7/18  8/18 9/18 9/18 a7 9437 10/37 1437 1337 13437 10 1120 1320 1o o5 e
8 13/38 14/38
19 &/19 7119 8/19 919 9719 Kt 9/38 10/38 113 12 ma 2”3 73 74 56
20 6120 7720 820 9720 1020 39 9/39 1039 1739 13739 1439 ; is 96 5/8 116 34 © e
21 &/21 721 ani 92 10721 40 9/40 10740 1240 1340 14/40 N =5 N= § 3/5 273 2/3 - 5/6 5/6
; Approximation  [57 173 192 215 230 1T a7 23/35 517 2935 67
for n > 40: Vo Va Vi Va VA 8 110 5/8 27/40 a5 415
aael Marh il 9 519 35 3i/45 79 475
Source. Adapted from Blmbaum and Hall (1960), with permission from the f Statlstics. 10 in s 7110 7110 45
*The entries I this table are selected quantiles w, of the Smirnov two-sample test statistic T defined by Equations 6.3.2 and 6.3.3 18 215 5 0 1115 ™M
for the one-talled test and defined by Equation 6.3 for the two-talled test. Reject Hy at the level o if T exceeds the | — a quan- 20 2 11/20 s 7110 34
dle of T as given In this table. The test statistic Is a discrete random variable, so the exact level of significance may be less than - -
the apparent o used In this table. N, = Ny = 7 23/42 A7 29/42 517 5/6
i - 8 mn 712 2/3 3/4 34
! 9 12 5/9 3 13/18 7%
i 10 2 17/30 19/30 710 15
12 12 712 7112 43 34
] 43 5/9 /18 243 13/18

4 1124 12 2 5/8 213
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TABLE A2l The t Distribution®

Degrees of
Freedom p=046 075 09 055 0.975 099 0995 0.9975  0.999  0.9995
: ! 0.325 1000 3078 6314 12706 31821 63657 12732 31831 6364
:A20 (Continued) 2 0289 0816 1886 2920 4303 6965 9925 14089 22327 31598
3 0277 0765 1638 2353 3182 4541 5841 7453 10214 12924
ded Test: p =090 " 0.95 0.975 0.99 0.995 4 0.271 0.741 1533 2132 2.776 3747 4.604 5.598 7173 8.610
ded Test  p = 0.80 0.90 0.95 .99 099 5 0267 0727 1476 2015 2571 3365 4032 477 5.893 6869
s 0265  OJI8 1440 (543 2447 143 3707 4317 5208 5959
N, = g %23 3;;36 43;:3 4;;;6 4%23 7 0263 07T 1415 1895 2365 2998 3499 4029 4785 5.408
10 3370 . 3970 43/70 7110 577 8 0262 0706 1357 1860 2306 289 3355 3833 4501 5.041
14 7 2 47 9/14 57 9 0261 0703 1383 1833 2262 2821 3250 3.690 4397 4781
28 377 1328 15028 1728 9/14 . 10 0260 0700 1372 1BI2 2228 2764  1.i69 3.581 4144 4587
N,= 9 49 1324 58 23 3/4 I 0.260 0.697 1383 179 2201 2718 3106 3497 4.025 4437
’ 10 19740 21740 23/40 27/40 7710 12 0.259 0695 1356 1782 2179 2681 3.055 3428 3.930 4318

12 14 - in 712 5/8 23 13 0259 0694 1356 L1771 2160 2650 3612 3372 3.852 4221
16 me ;ﬁs m" gﬁ? s |§gz 14 0258 0692 1345 1761 2145 2624 2977 3326 1787 4140

N = ?; ';j ::: ' \n 26145 b 3145 15 0358 0691 1341 1753 2031 2600 2947 3286 3733 4073
"= 2 s n YA s 213 16 0258 0490 1377 1746 2120 2583 1921 3252 3.686 4015
15 19/45 22/45 815 315 29/45 17 0257 0689 13313 (740 2110 2567 2898 1m 3.646 3.965
18 7ms 49 2 59 18 18 0357 0688 1330 1734 2001 2552 2878 3.497 3610 EEve]
36 13/36 5712 17136 19136 59 19 0257 0688 1328 1729 2093 2539 286! 3174 3579 3883
N, =I5 25 7115 n - 17730 1930 : 20 0257 0687 1325 1725 2086 2528 2845 3153 3552 3.850
20 s 9720 1n 11120 35 ! 21 0257 0686 1323 L7 2080 2518 283 1135 3527 1819
40 mo 25 920 n L= . 22 0256 0686 1321 1717 2.074 2508 2819 3019 3.505 3792
N, =I5 23/60 9120 in 11720 7112 ; 3 0256 0685 1319 1714 2069 2500 2807 3.104 3485 3767
16 ) 716 23/48 1324 712 ; 24 0256 0485 13I8 U711 2064 2492 2797 3,091 3467 3745
18 13736 g’:% ‘;ﬁg ;mg l;go 25 0256 0484 1316 1708 2060 2485 2787 3.078 3450 3725
_ 20 dise . 1730 39760 s : 2 0256 0484 1315 1706 2056 2479 2779 3067. 3435 3707
N, = 10 7120 v ; 27 0256 0484 1314 1703 2052 2473 2770 3.057 3421 1690
N, =20  27/80 3i/80 17/40 19/40 41720 g 28 0256 0683 1313 1701 2048 2467 2763 3047 3408 3674
umple — — - — _— 29 0256 0483 1311 1699 2045 2462 2736 3.038 3396 - 3.659
mation 1.07‘/"‘ o2 1.36\/ — 152\[ — 1.63\/ e , 30 0256 0483 1310 1697 2042 2457 2750 3.030 1385 3.646
mn mn ! 40 0255 0481 1303 1484 2021 2423 2704 2971 3307 3551
daptod from Massey (1952), with parmission fram the Instituts of Mathematical Sriseics. 0 0254 0679 1296 1671 2000 2390 2660 2915 3232 1480
fes In this @ble are selected quanties w, of the Smimov test statistic T for two samples, defined 120 0254 0477 1289 1658 1980 2358 2417 2860 3160 3373
ns 6.3.), 6.3.2, and 63.3. To enter the table let N be the smaller sample size and let N; be the t @ 0.253 D.674 L282 1.645 1.960 2.326 2576 2.807 3.090 3.291

iple size. Reject Hy at the level a if T exceeds w)_, as given in this table. If n and m are not cov-
is table, use the large sample approximation given at the end of the table, or consult exact tables i
d Jennrich, which appear In Harter and Owen (1970) for n, m = 100, :

Source. Reprinted from Vol. | of Pearson and Hartley (1976), with permission from the Blometrika Trustees.
*The entrles in this table are quantiles w, of the t distribution for various degrees of freedom. Quantiles w, for p < 0.5 may be
computed from the equation

Wy = Wiy

MNote that wyys = 0 for all degrees of freedom,




