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For all questions, clearly state the null & alternate hyPotheses. the test statistics. the decision 
rule. the levelofsigni{icance. the decision, the conclusions. 

QUESTION ONE. [20 marks ] 

A simple experiment was designed to see if flint in area A tended to have the same degree of 
hardness as flint in area B. Four sample pieces of flint were collected in area A and five sample 
pieces of flint were collected in area B. To determine which of two pieces of flint was harder, the 
two' pieces were rubbed against each other. The piece sustaining less damage was judged the harder 
offhe two. In this manner all nine pieces of flint were ordered according to hardness. The rank 1 
was assigned to the softest piece, rank 2 to the next softest, and so on. 

Origin ofPiece Rank 
A 1 
A 2 
A 3 
B 4 
A 5 
B 6 
B 7 
B 8 
B 9 

Use the Mann-Whitney test to determine whether the hardness of the flint in both areas are equal. 
Use 5% level of significance. 

QUESTION TWO. [20 marks] 

A random sample of size 9, X), ..... , X9 is obtained from one population, and a random sample of 
size 15, V), ..... , YIS is obtained from a second population as follows: 

Xi: 7.6,9.3,8.7,8.6, 10.6, 10.1, 11.2,9.9,8.4 
Vi: 8.2,6.8,6.5,5.9,5.2,9.1,5.7, 12.5, 11.5, 12.3, 10.8, 14.6, 11.3, 13.4,9.8 

Use the Smirnov test with a = 0.10 to test whether the two populations have same distribution 
function.. 
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QUESTION THREE. [10+ 10 marks] 

a Of 16 cars inspected during a safety campaign, 6 were found to be unsafe. Test the hypothesis 
that no more than 10% of the cars in the population are unsafe. Use 5% level ofsignificance. 

b. The following table shows the information on cotton crop insurance for the years 1976 to 2000. 

• 
# ofCrops # of Crops 

Year insured Year insured 
1976 19,479 1989 15,375 
1977 26,667 1990 21,312 
1978 63,969 1991 26,526 
1979 57,715 1992 24,865 
1980 38,086 1993 21,152 
1981 38,434 1994 23,458 
1982 24,196 1995 25,774 
1983 19,319 1996 32,646 
1984 29,975 1997 31,786 
1985 25,451 1998 24,821 
1986 20,410 1999 19,593 
1987 19,940 2000 14,960 
1988 15,628 

Do these data indicate a downward trend in the nwnber of crops insured? Use the Cox·Stuart test 
for trend with a = 0.05. 

QUESTION FOUR. [20 marks] 

Two judges rated the participants in a dance contest as follows: 

Contestant 

Judge A B C D E F G H 

1 5 2 6 3 4 1 8 7 

2 3 1 7 4 5 2 6 8 

Are the two rankings independent? Use either Spearman's p test or Kendall's T test with a = 0.05. 



TABLE AI Nonna! Distribution" 

Seleaad v.alues Zu.1 ,., -3.7190 z...'" -3.2905 ZuIs" -1.9600 ZoI5 ... -1.6+19 
z...-'" 3.7190 :r..-'" 3.2905 %ct.m = 1.9600 Zus'" 1.6+19 

0.000 OJIGI 0.002 o.on OJIG4 0.005 0.006 0.007 0.008 0.009 

-3.D9Ol -1.87Bl -2.7478 -2.6521 -2.5758 -2.5111 -2.4573 -2.1089 -2.36560.00 
0.01 -l.ll£3 -2.2904 -2.2571 -2.2l62 -2.1973 -2.1701 -2.1111 -2.1201 -2.D96' -2.071' 

0.01 -l.D537 -2.0335 -2.0111 -1.9954 -1.9771 -1.9600 -1.9431 -1.9268 -1.9110 -1.8957 

o.n -1.8808 -1.8663 -1.8522 -1.8381 -1.8250 -1.8'" -1.7991 -1.7866 -1.7711 -1.7611 

0.G4 -1.7507 -1.7391 -1.7279 -1.7169 -1.7D6D -1..6954 -1..6819 -1..6717 -1.6616 -1..6516 

US -1.6+f9 -1.£352 -1.6258 -1..6164 -1..6072 -1.5982 -1.5893 -1.58D5 -1.5718 -1.5631 

0.06 -1.5s.t8 -1.5464 -1.5382 -1.5301 -1.5220 -1.5111 -1.5063 -1.4985 -1.,,909 -1.1833 

0.07 -1.4758 -1.4684 -1.1611 -1.4538 -1.1166 -1.,095 -1."325 -1.4255 -1.1187 -1.1118 

O.GI -1.-4051 -1.3984 -1.3917 -1.3852 -1.3787 -1.3722 -1.3658 -1.3595 -1.3532 -1.3169 

OM -I.J108 -1.3346 -1.3285 -1.3225 -1.3165 -1.3106 -1.3047 -1.29B8 -1.2930 -1.2873 

0.10 -1.2816 -1.2759 -1.2702 -1.2646 -1.2591 -1.2536 -1.2111 -1.2126 -1.2372 -1.2319 

0.11 -1.ll65 -1.2211 -1.2160 -1.2107 -1.2055 -1.2001 -1.1951 -1.1901 -1.1850 -1.1800 

0.11 -1.1750 -1.1700 -1.1650 -1.1601 -1.1552 -1.1503 -1.1155 -1.1107 -1.1359 -1.1311 

o.lJ -1.1264 -1.1117 -1.1170 -1.1123 -1.1077 -1.1031 -(.D98S -1.0939 -1.0893 -1.D1H8 

0.14 -1.G803 -1.0758 -1.0711 -1.G669 -1.D625 -1.0581 -(.D537 -1.D194 -1.D150 -I.D107 
0.15 -1.0364 -I.om -1.D219 -1.Gl37 -1.0194 -1.D152 -I.DIIO -1.DD6' -I..DOl7 -0.99" 

0.16 -0.9945 -0.9904 -0.9863 -0.9822 -0.97Bl -0.9711 -0.9701 -0.966.1 -0.9611 -0.9581 

0.17 -0.9ro -0.9502 -0.9163 -0.941" -0.9385 -0.9316 -0.9307 -0.9269 -0.9230 -0.9192 

0.18 -0.9154 -0.9116 -0.9078 -0.9040 -0.90112 -0.8965 -0.8927 -0.889D -0.8853 -0.8816 

0.19 -0.877t -0.8712 -0.8705 -0.866' -0.8633 -0.8596 -0.8560 -0.85l4 -0.8488 -0.&151 

0.2.0 -0.&116 -0.8381 -0.8315 -0.8310 -0.8271 -0.8239 -0.8lD4 -0.8169 -0.8131 -0.8D99 

0.11 -0.8064 -O.8DlD -0.7995 -0.7961 -0.79l6 -0.7892 -D.78S8 -0.7821 -0.7790 -0.7756 

0.22 -0.112l -0.7688 -0.7655 -0.7621 -0.7588 -0.7554 -0.7Sl1 -0.7488 -0.7454 -0.7111 

1.23 -0.7388 -0.7356 -0.7323 -0.7290 -D.7l57 -0.7225 -0.7192 -0.7160 -0.7128 -0.7095 

1.24 -0.7D6l -0.7031 -0..6'99 -0..6967 -0,6935 -0.6903 -0.6871 -0.6IHD -0..6808 -0.6776 

TABLE AI (Continued)' 

0.000 0.001 0.002 un 0.004 O.OOS 0.006 0.007 0.008 0.009 

0.15 -0..6715 -0.6713 -0.6682 -O.WI -0.6620 -0..6588 -0.6557 -0.6526 -0.(,495 -0.6164 
0.26 -0.6133 -0.6403 -0.6372 -0.6341 -0.6311 -0.6280 -D.6250 -0.6219 -0.6189 -0.6158 
0.17 -0..6128 -0.6098 -0..6068 -0.6038 -0.6008 -0.5978 -6.5948 -0.5918 -0.5888 -0.5858 
0.18 -0.5828 -0.5799 -0.5769 -0.5710 -0.5710 -0.5681 -0.5651 -0.5622 -0.5592­ -0.5563 
0.19 -0.5534 -0.5505 -0.5476 -0.5116 -0.5417 -0.5388 -0.5359 -0.5330 -0.530l -0.5173 
0.30 -0.5211 -0.5215 -0.5187 -0.5158 -0.5129 -0.5101 -0.5072 -0.5044 -0.5015 -0.4987 
0.31 -0.195' -0.1930 -DA902 -0.1871 -0.-t845 -0.1117 -0.1789 -0.1761 -0.4733 -0.4705 
0.31 -0.1677 -0.164' -0.1621 -0.4593 -0.4565 -0.4538 -0.4510 -0.+182 -0.+154 -11+127 
O.ll -O.'l39!/ -DA3n -0.43+1 -0.1316 -0.4289 -0.'!26 I -0.4234 -0.4207 -M179 -0.4152 
U4 -0.'1125 -DAO~7 -0.4070 -0.400l3 -0.4016 -0.3989 -0.3%1 -Q,3934 -0.3907 -0.3880 
0.15 -0.3853 -0.3826 -0.3799 -O.3m -0.3745 -0.3719 -0.3£91 -0.3665 -0.3638 -0.3611 
ij.:;~ -0.l5eS -0.3558 -0ol!'31 -0.3505 -0.3478 -0.3451 -0.3425 -O.33'i!B -0.3372 -0.3:>45 
(j.n -0.3319 -0.32,2 -0.!266 -O.n3~ -0.3213 . -031(\6 -03160 -0.313, -03107 -O.$O~ I 
o..n -03Q5f. -0.3027 -Q.300:': -0.2"7(. -0.29'50 -0.2,2< -Q.2E'9[; -0.2S71 -O.le.<:~ -0.28 [0 
Q ,~ -0.27,3 -0.270 -O.li~ I -0.1715 -().:"6e~ -0.26t:: -0.26~! -0.2(·1 I -0.2$£5 
@.<l0 -0.2522 -0.2508 -024S2 -O.L~St -0.2';3'(. -01."l(.K -0.2m -0.2352 -O.n:Ci -0..2301 
(1.< [ -0.42.75 -0.22~(\ -0.222< -O.ll9'C -0.2172 -0.21';'7 -0.2121 -020% -Q.2070 -0.200lS 
C.'ll -02019 -0.r~3 -O.l96S -O.I'M2 -0.1~(7 -0.1891 -0.1866 -0.1840 -0.1815 -D. I7!!>: 
0.0 -0.17~ -0.1738 -0.1713 -0.16B7 -0.1662 -0.16.37 -0.1611 -0.1586. -0.1560 -0.1535 
0.44 -0.1510 -0.1484 -0.1459 -0.1434 -O.llOB -0.1383 -0.1358 -0.1332 -0.1307 -0.12B2 
0.45 -0.1257 -0.1231 -0.1206 -0.1181 -0.1156 -0.1130 -0.1105 -D. lOBO -0.1055 -0.1030 
0.46 -0.1004 -0.0979 -0.0954 -0.0929 -0.0904 -0.0878 -0.0853 -0.0828 -0.D803 -0.0778 
0.47 -0.0753 -0.0728 -0.0702 -0.0677 -0.D652 -0.0627 -0.0602 -0.0577 -0.0552 -0.D527 
0.48 -0.0502 -0.0476 -0.0451 -0.0426 -0.0401 -0.0376 -0.0351 -0.D326 -0.0301 -0.0276 
0.49 -0.0251 -0.D226 -0.0101 -0.0175 -0.0150 -0.D125 -:0.0100 -0.0075 -D.DOSO -0.D025 
0.50 O.DOOO 0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0201 0.0226 
0.51 0.0251 0.0176 0.0301 0.0316 0.035 1 0.0376 0.0401 0.0416 0.D451 0.0476 
D.Sl 0.0502 0.0527 0.0552 0.0577 0.0601 0.0627 0.0652 0.0677 0.0702 0.0728 
0.53 0.D753 0.0778 0.0B03 0.DB2B 0.OBS3 0.D878 0.0901 0.0929 0.0954 0.0979 
0.54 0.1001 0.1030 O.IOSS O.IOBO 0.1105 0.1130 0.1156 0.1181 0.1206 0.1231 

o '" ... 




Table AI (Continued) 

D.DOG D.DDI D.oo2 0.001 11.004 D.DIIS D.DD6 0.007 0.001 0.009 

o.5S o.lm 0.1282 0.1307 0.1332 0.1358 0.1383 0.1408 0.1434 0.1459 0.1484 
0.56 0.1510 0.1535 . 11.1560 0.1586 0.1611 0.1637 0.1662 0.1687 0.1713 0.1738 
0.57 0.1764 0.1789 0.1815 0.1840 0.1866 0.1891 0.1917 0.1942 0.1968 0.1993 
0.51 D.2OI9 0.2D45 O.107D D.2096 0.2111 0.2147 0.2173 0.2198 0.2224 D.2l5O 
0.59 0.2.275 0.2301 0..2327 0..2353 0..2378 0.2404 0.2430 0.2456 0.24Bl 0.2508 
D.60 0.2533 0.2559 0.2585 D.2£1I D.2637 0.2663 D.26B9 D.2715 0.2741 0.2767 
0.61 0.2793 0.2819 0.2&45 0.2871 0.289B 0.2924 0.2950 0.2976 0.3002 0.3029 
0.62 0.3055 0.3081 0.3107 0.3134 0.3160 0.3186 0.3213 O.3n9 0.3266 0.3192 
0.61 0.3319 0.3345 0.33n 0.3398 0.3415 0.3451 0.3478 0.3505 0.3531 0.3558 
0.64 0.3585 0.3611 0.3638 0.3665 0.3692 0.3719 0.3745 0.3772 0.3799 0.3826 
D.6S 0.3853 0.3880 0.3907 0.3934 0.3961 0.3989 0.4016 0.4043 0.4070 0.4097 
0.66 0.4125 0.4152 0.4179 0.4207 0.4234 0.4261 0.4289 0.4316 0.4344 0.4372 
0.67 0.4399 0.+t27 0.+454 0.+tB2 0.4510 0.4538 0.4565 0.4593 0.4621 0.4649 
0.61 0.4677 0.4705 0.4733 0.4761 0.4789 0.4117 0.4845 0.4174 0.4902 0.4930 
D.69 0.4959 0.4987 0.5015 0.50+t 0.5072 0.5101 0.5129 0.5158 0.5187 0.5215 
D.7D 0.52+t 0.5273 0.5302 0.5330 0.5359 0.5388 0.5417 0.5+t6 0.5476 0.5505 
0.71 0.5534 0.5563 0.5592 0.562l 0.5651 0.5681 0.5710 0.5740 0.5769 0.5799 
D.n 0.5828 0.5858 0.5888 0.5918 0.5948 0.5978 0.6008 D.6D3B 0..606B 0..6098 
0.71 0.6128 0..6158 0..6189 0..6219 D.6l5O 0..6280 0..6311 0.6341 0..6372 0..6403 
0.74 0.6433 0.£464 0..6495 0..6526 D.6.557 0..6588 0..6620 0."51 0..66Bl 0.6713 
D.75 0..6745 0..6776 0..6108 D.684O 0..687' 0..6903 0..6935 0..69&7 0..6999 0.7031 
D.76 0.7063 0.7095 0.7121 0.7160 0.7192 0.7l25 0.7257 O.n;o 0.7323 0.7356 
D.77 0.7388 0.7421 0.7454 0.7_ 0.7S11 0.7554 0.7588 0.7621 0.7655 0.7688 
D.78 0.7722 0.7756 0.7190 0.7124 0.7B58 0.7B92 0.7926 0.7961 0.7995 0.8030 
0.79 0.8064 0.B099 0.8134 0.8169 0.8204 om9 0.8274 0.8310 0.8345 0.8381 
UD 0.&416 0.&452 0.84BB 0.8524 0.8560 0.8596 0.8633 0.8669 0.8705 D.8742 
0.81 0.8779 0.8816 0.8853 0.B890 0.8927 0.896.5 0.9002 0.9D40 0.9078 0.9116 
U2 0.9154 0.9192 0.92lO 0.9269 0.9307 0.9346 0.9385 0.9424 0.9463 0.9502 

Tab'e AI (Continued) 

D.DOD D.DDI D.DII2 D.ODI D.D04 D.DDS D.OO6 D.DD7 D.DD8 D.DOtfJ 

D.81 0.9542 0.9581 0.9621 0.966' 0.9701 0.9741 0.9782 0.9822 0.98£3 0.9904 
D.84 0.99",,5 0.9986 1.0027 1.Q069 1.0110 1.0152 1.01904 l.on7 1.0279 1.0322 
D.85 1.0)64 1.00407 1.0450 1.00494 1.0537 1.o5BI 1.0625 1.D669 1.0714 1.0758 
D••6 1.0803 1.0848 1.0893 1.0939 1.0985 1.1031 1.1 on 1.1123 1.1170 1.1217 
Cl.B7 1.12604 1.1311 1.135'1 1.1407 1.1455 1.1503 1.1552 1.1601 Ll6S0 1.1700 
rue U750 usDa 1.IS50 1.190 I 1.1952 1.2004 1.2055 1.2107 1.2160 1.2.212 
li.~t' 1.2.2&5 [.2319 '.2.172 1.2426 1.248 [ 1.2536 1..2:591 [.2646 1.2702 i,2759 
1).1"0 1.28l6 [.2573 1.2no L29se 1.,0<7 1.:11 O~ t.: 165 1.J1ZS !.!2e5 
!l.\'[ 1.340& ,,11,(9 usn U5~:: U€5t [.1722 '.!7F 13E:.S:! !.?~17 

IA()~1 [A'I(' IA [..7 L<2S! ,.<no L<:'~r , . .(.{,,6 1.<S?,t I ..ifll 1.,,(j.K 
IA7SG [ .4l'2: 1.<9(~~: '.49£.5 I.S0t.:' [.E [', [ 1.S22l IS~OI [.BE::::' !.s-<~ 

L55<E l.sen [.5718 I.5SClS [.sE;'3 I.E9t::. L60r.: Ltd C"'; 1.6258 U:3S2 
LE-449 1.6546 1.6646 [.6741 L6&'il' 1.6954 1.7060 1.716~ L727S LT:m. 
1.7507 [,7624 Ln44 1.7866 1.7991 [.&1 !~ LB150 LS3e4 I.BSll 1.8663 
1.8808 I.S957 1.9110 1.926B 1.943' 1.9600 I.~n" 1.9954 2.01"11 2.0335 
2.0537 2.0749 2.0969 2.1201 2.1 ...... 2.1701 2.1973 2.2262 2.2571 2.2904 
2.3263 2.3656 2.4089 2.4573 2.5121 2.5758 2.6521 2.7478 2.8782 3.0902 

SoI.JI=. Generated by I'L L !man. Used with pennission. 
•The entries In this table are quardes Z, of the, stIIIdIrd IlOI'1I"Ia! random variable Z selected SO P(Z :s z,) ~ p and P(Z > z,,) .. I - p. Nota that the 
val"" fA " to two decimal places cIetarmines wtlich row Ul use; the mini decimal place fA " detennin... which column Ul ..... to lind z,. 



TABLE Al ChI-Squared DI.trlbutlon- TABLE Al Binomial Distribution" 

, _ 0.750 . 0.900 0.950 0.915 U90 0.995 0.999 n y,=0.05 0.10 0.15 O.:W O.l~ 0.30 0.35 0....0 0....5 

k=1 
2 
3 .. 
5 
6 
1 
8 
9 

10 
II 
11 
II 
I .. 
IS 
16 
11 
18 
19 
20 
21 
21 
23 
2 .. 
25 
26 
27 
18 
29 
30 

"'050 
60 
10 
80 
90 

100 
Z. 

Ull 
2.773 
".108 
5.385 
U26 
7.&41 
9.037 

10.n 
IU9 
11.55 
13.70 
....85 
15.98 
17.12 
IUS 
19.37 
20.'" 
21.60 
12.71 
ll.83 
1".'3 
26.0-4 
27.1.. 
28.1.. 
2'.3-4 
30."3 
31.53 
32.62 
33.71 
3".80 

"5.62 
56.33 
66.98 
77.58 
88.13 
98.65 

109.1 
0.675 

1.706 
".605 
6.151 
7.m 
9.l36 

10.6-4 
11.02 
13.36 
1·4.68 
15.'9 
17.18 
18.55 
lUI 
21.06 
lUI 
13.5.. 
2".77 
25.99 
2UO 
28... 1 
29061 
3o.B I 
3UI 
lUO 
34.38 
35.56 
36.74 
37.91 
39.09 
40.26 
51.81 
63.17 
704.40 
85.53 
96.58 

107.6 
118.5 

1.181 

3.&41 
5.991 
1.815 
9."88 

11.07 
11.59 
H.07 
15.51 
16.92 
18.31 
19068 
21.03 
12.36 
ll.68 
25.00 
26.30 
17.59 
28.87 
30.... 
31."1 
l2.67 
3Ul 
35.17 
36."2 
37.65 
38.89 
"0.11 
41.34 
41.56 
43.77 
55.76 
67.50 
79.08 
90.53 

IOU 
113.1 
1104.3 

1.6-45 

5.02" 
7.378 
9.348 

11.14 
11.83 
1.....5 
16.01 
17.53 
1f.02 
20.48 
21.91 
ll34 
24.74 
l6..ll 
17.49 
18.85 
30. If 
31.S] 
31.85 
34.17 
35.48 
36.78 
38.08 
3'.37 
40.65 
..1.92 
"3.19 
44.46 
o45.n 
4U8 
5Uo4 
71.042 
83.30 
'5.02 

IOU 
118.1 
12906 

1.960 

6,635 
'.110 

11.34 
13.28 
15.0' 
lUI 
18.... 
10.09 
11.67 
13.11 
14.73 
16.11 
17.69 
19.104 
30.58 
31.00 
ll.o4l 
3-4.81 
36.19 
37.57 
38.93 
40.2' 
041.6-4 
o4~.98 
44.31 
45.64 
-46.96 
048.18 
49.5' 
50.1' 
63.69 
76.15 
8U8 

100.4 
111.3 
11 ..... 
135.8 

1.316 

7.1n 
10.60 
11.... 
1....1& 
16.75 
11.55 
20.11 
11.9' 
ll.5' 
25.19 
16.76 
18.30 
19.81 
31.l1 
3l.10 

3".17 
35.n 
37.16 
38.58 
<40.00 
... 1.<40 
41.10 
44.11 
"'5.5' 
46,93 

....1' 
"''''4SO.99 
51.3-4 
53.67 
66.77 

79....' 
9..,5 

10-4.1 
IIU 
11•.3 
140.1 

1.576 

10.83 
13.11 
16.17 
18....7 
20.51 
ll.46 
1....31 
l6..13 
17.88 
19.59 
31.26 
3UI 
34.53 
36.11 
37.70 
39.25 
<40.79 
-41.31 
"'3.81 
-45.31 
46.80 
..... 27 
"".73 
51.18 
51.62 
5-4.05 
55....8 
56.8' 
58.30 
SUO 
13.<40 
16066 
'9.61 

111.3 
12..... 
137.1 
I..' .... 

3.090 

2 

3 

.. 

5 

6 

1 

o 
I 

o 
I 
1 

o 
I 
1 
3 

o 
I 
1 
3 .. 
0 
I 
1 
3 .. 
5 

0 
I 
1 
3 .. 
5 
6 

0 
I 
1 
3 .. 

0.9500 
1.0000 

0.9025 
0.9975 
1.0000 

0.857... 
0.9928 
0.9999 
1.0000 . 

0.81"5 
0.9860 
0.9995 
1.0000 
1.0000 

0.ID8 
0.977-4 
0.9988 
1.0000 
1.0000 
1.0000 

0.7351 
O.96n 
0.9978 

0.9'" 
1.0000 
1.0000 
1.0000 

0.6983 
0.9556 
0.9961 
0.9998 
1.0000 

0.9000 
1.0000 

0.8100 
0.9900 
1.0000 

0.n90 
0.9720 
0.9990 
1.0000 

0.6561 

0.9"'77 
0,9963 
0.9999 
1.0000 

0.5905 
0.9185 
0.991'" 
0.9995 
1.0000 
1.0000 

0.531'" 
0.8857 
0.98"2 
0.9987 
0.9999 
1.0000 
1.0000 

0....783 
0.8503 
0.97"'3 
0.9973 
0.9998 

0.8500 
1.0000 

0.1225 
0.9775 
1.0000 

0.61'11 
0.9392 
0.9966 
1.0000 

0.5220 
0.8905 
0.9880 
0.9995 
1.0000 

OA..37 
0.8352 
0.97H 
0.9978 
0.9999 
1.0000 

0.3771 
0.7765 
0.9527 
0.9"" 
0.9996 
1.0000 
1.0000 

0.3206 
0.7166 
0.9262 
0.9879 
0.9988 

0.0000 
1.0000 

U.6·1OI; 

0.9600 

1.000l! 

O.SllO 
0.0'>60 
O.991() 

1.0000 

0."10'1<­
O.BI91 
o.'.lnfJ 
0.9984 
1.0001; 

0.:1111 
O.73/j 
0.9421 
0.993') 
0.9991 

1.0000 

0.1621 
0./',S5~! 

0.9011 
0.9830 

0.'.1984 
0.999'.1 
1.0000 

0.2091 

0.5167 
0.B520 

O.96<i/ 
0.9953 

0.1500 
1.0000 

O.5{'25 
u.9375 

I.UOOO 

oA219 
uJJ.lj!l 

U.9l144 
1.0000 

1).:1I6-! 
tl!)!lj 

tJ.'J-!n 
U.9961 

I.UOOO 

tl.:U7:1 
0.6]28 
0.3965 

0.9B+4 

lJ.999U 

1.0000 

1;.1780 
0.5H9 
luno.. 
0.%24 
0.'J')S4 

U.9999 

I.UUOO 

0.1335 

0.'1+-19 
0.1564 
u.n9-!· 
0.91371 

0.7000 
1.0000 

0.'1900 
0.9100 
1.0000 

0.H30 
0.78'10 
0.9730 
1.0000 

0.2401 
0.6517 
0.9163 
0.9919 
1.0000 

0.1681 
0.5282 
0.8369 
0.9692 
0.9976 
1.0000 

0.1176 
0 ... 202 
0.7""3 
0.9295 
0.9891 
0.9993 
1.0000 

0.0824 

0.329" 
0.6471 

0.87"0 
0.9712 

0.6500 
1.0000 

0.4225 
0.8775 
1.0000 

0.27"6 
0.7182 
0.9571 
1.0000 

0.1785 
0.5630 
0.8735 
0.9850 
1.0000 

0.1160 
OA284 
0.7"'8 
0.9"'60 
0.9947 
1.0000 

0.0754 
0.3191 
0."'71 
0.8826 
0.9777 
0.9982 
1.0000 

0.0-490 
0.2])8 
0.5323 
0.8002 
0.9 ....... 

0.6000 
1.0000 

0.3600 
0.8'100 
1.0000 

0.2160 
0."'80 
0.9360 
1.0000 

0.1296 
0.'1752 
O.82OB 
0.97"" 
1.0000 

0.0778 
0.3370 
0.6826 
0.9130 
0.9898 
1.0000 

0.0467 
0.2333 
0.5M3 
0.8208 
0.9590 
0.9959 
1.0000 

0.0280 
0.1586 
0."199 
0.7102 
0.9037 

0.5500 
1.0000 

0.3025 
0.7975 
1.0000 

0.1"" 
0.57"8 
0.9089 
1.0000 

0.0915 
0.3910 
0.7585 
0.9590 
1.0000 

0.0503 
0.2562 
0.5931 
0.8688 
0.9815 
1.0000 

0.0277 
0.1636 
0.'1415 
0.7 .... 7 
0.9308 
0.9917 
1.0000 

0.0152 

0.102'" 
0.31'" 
0.6083 
0.8'171 

for II > 100 \WI dua III'pl'Oldmllllon "'. ­ ())(z. + "\Ilk ­ I)', or dua mono accurata w. ­

II (I ­ ~ + :at A)'. vm- :at Is ciuI vaIwIlrom the n:arulardlnd normd dImtbudon .hOWl! In dua boa:/:)In 

5 
6 
7 

1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 

0.9999 
1.0000 
1.0000 

0.99% 
1.0000 
1.0000 

U.991l1 

0.9999 

I.UOOO 

0.9962 
0.9998 
1.0000 

0.9910 
0.9994 
1.0000 

0.9811 
0.998'1 
1.0000 

0.9643 
0.9963 
1.0000 

of dua tabIto. 
SouILcI: AbtIdpd from TabI••• Vol. I of PHI'IOn and HanI8r (197'~ with .....mJulOIIIrom the lIHlmllrllc." 

TrUItAI... 
•Th8 81\U18. In this tabIto are quant/III. 1ft of a dd-"1uanod random 'IIIII'iaIH W with Ie d....... of rr..dom. ••-
IsaIId III P(W:Ii"'" ~ panel P(W >",,) - I - P. 



TABLE Al (Continued) 

II r p:lll 0.05 0.10 0.15 0.1@ ltl'5 0.30 U5 0.40 0."5 
TABLE Al (Continued) 

8 o 0.663'" 0....305 0.2725 u.I<.7u O.IDOI 0.13576 0.0319 13.0168 0.0084 
II r , ... 0.50 0.55 0.60 0.65 0.70 0.75 0.10 0.15 O.M 0.95 I 0.9"'18 0.8131 0.6572 o.so:n 0.3'>71 13.2553 0.1691 13.1061 0.0631 

o 0.5000 0....500 0.1000 0.3500 0.3000 0.2500 0.1000 0.1500 0.1000 0.0500 
1 
J 

0.99"'1 
G.9996 

0.9619 
0.9950 

0.8919 
0.9786 

0.7%9 
0.9·H'l 

0.670t; 

!J.886J: 
0.5518 
0.8059 

0.<1278 
0.7061 

13.3154 
13.5941 

0.2201 
13....7713 

I 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 4 1.0000 0.9'196 0.9971 0.98% 0.911.1 0.9420 0.8939 0.8263 13.7396 
1 0 0.2500 0.1015 0.1600 0.1215 0.0900 0.0625 0.0400 0.0125 0.0100 0.0025 5 1.0000 1.0000 0.9999 0.9900 0.')9!:B 0.9887 0.97"'7 13.9502 0.9115 

0.7500 0.6975 0.6100 0.5775 0.5100 0....375 0.3600 0.2775 0.1900 0.0975 6 1.0000 1.0000 1.0000 0.999\1 0.99')" 0.9987 0.996-4 0.9915 13.9819 
1 1.0000 1.0000 1.0000 1.0000 1.0000 1'.0000 1.0000 1.0000 1.0000 1.0000 7 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9993 0.9983 

3 0 0.1250 0.0911 0.0610 0.0429 0.0170 0.0156 0.0080 0.003'" 0.0010 0.0001 8 1.0000 1.0000 1.0000 1.0000 1.0000 1.01300 1.0000 1.0000 1.001313 

0.5000 0....252 0.3520 0.1818 0.2160 0.1561 0.1040 0.0608 0.0280 O.oon 9 o 0.6302 . 0.387'" 0.2316 U.t341 0.0,),51 0.1H04 0.0207 0.0101 13.13046 

1 0.8750 0.8336 0.7840 0.715'" 0.6570 0.5781 0.4880 0,]859 D.l710 0.1"'26 I 0.9288 0.7748 0.5995 O.-Bca 0.3(0) 0.1960 0.1211 0.0705 0.Ql85 

3 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1 0.9916 0.9470 0.8591 o.7Jo:!. o.WOl M628 0.ll73 0.ll18 0.1"'95 

4 0 
I 
1 
3 
4 

0.0625 
0.l125 
0.6875 

0.9l75 
1.0000 

0.0410 
0.1"'15 
0.6090 
0.9085 
1.0000 

0.0156 
0.1792 
0.5148 
0.8704 
1.0000 

0.0150 
0.1165 
0.4370 
0.8215 
1.0000 

0.0081 
0.0837 
0.3483 
0.7599 
1.0000 

0.0039 
0.0508 
0.2617 
0.6836 
1.0000 

0.0016 
'0.0272 
0.1808 
0.5904 
1.0000 

0.0005 
0.0110 
0.1095 
G.4780 
1.0000 

0.0001 
0.0037 
0.05U 
0.3"'39 
1.0000 

0.0000 
0.0005 
0.0110 
0.1855 
1.0000 

3 .. 
5, 
7 
8 

0.999'" 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.9917 
0.9991 
0.9999 
1.0000 
1.0000 
1.0000 

0.9661 
0.99+4 
0.9994 
1.0000 
1.0000 
1.0000 

O.91.;.!~t 

0.980-[ 

O.99~Sr 

0.9991 
1.0000 
1.0000 

O.fJH:J 
0.9'511 
0.9';)00 
O.,;),)!}I 

0.')')9<) 

1.0000 

0.7297 
Q.9012 
0.97<17 
0.9957 
0.9996 
1.0000 

0.6089 
0.8283 
0.9<161 
0.9888 
0.9986 
0.9999 

0.4826 
0.7l3'" 
13.9006 
13.9750 
0.9962 
13.9997 

0.3614 
13.6214 
0.83<12 
13.9502 
13.9909 
0.9992 

5 0 0.0312 0.0185 0.0102 0.0053 0.001... 0.0010 0.0003 0.0001 0.0000 0.0000 9 1.0000 1.0000 1.0000 1.0000 LODOO 1.0000 1.0000 1.0000 1.0000 
I 0.1875 0.1312 0.0870 0.0510 0.0308 0.0156 0.0067 0.0022 0.0005 0.0000 10 o 0.5987 0.3487 0.1969 O.lO'l-l o.OS.,) 0.13282 0.0135 0.0060 0.0025 
1 0.5000 0.1069 0.317'" 0.2351 0.1631 0.1035 0.0579 0.0266 0.0086 0.0011 I 0.9139 0.7361 0.5+41 0.3i'!:O u.:1440 13.1493 0.0860 13.0461 13.13233 
3 0.8115 0.7"'38 0.6630 0.5716 0....718 0.3672 D.l627 0.1648 0.0815 0.0126 1 0.9885 0.9198 0.8202 0.(,7113 O.51S6 0.3828 0.2616 0.1673 13.0996 
4 0.9688 0.9197 0.9222 0.8840 0.&319 0~7617 urn 0.5563 0.1095 0.1261 3 0.9990 0.9872 0.9500 0.0/91 0.1759 13.6496 0.5138 13.3821 13.26613 
5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 4 0.9999 0.9984 0.9901 0.%72 u.nl9 13.8"'97 0.7515 0.6lll 0.5041 

6 0 0.0156 0.0083 0.0041 0.0018 0.0007 0.0002 0.0001 0.0000 0.0000 0.0000 5 1.0000 0.9999 0.9986 0.993<; u.900J 0.9527 13.9051 0.8338 13.7384 

1 0.1094 0.0691 0.0410 o.om 0.0109 0.0016 0.0016 0.0004 0.0001 0.0000 6 1.0000 1.0000 0.9999 0.9991 t),'j()6S 0.9894 0.97.fQ 0.9151 0.8980 

1 0.3"'38 0.1553 0.1792 0.117'" 0.0705 0.0376 0.0170 0.0059 0.0013 0.0001 7 1.0000 1.0000 1.0000 0.99')1.) 0.99% 13.9984 0.9952 0,9877 0.9726 

3 .. 
5 
6 

0.6562 
0.8906 
0.9844 
1.0000 

0.5585 
0.8361 
0.9723 
1.0000 

0....557 
0.7667 
0.95]] 
1.0000 

0.3529 
0.6809 
0.9216 
1.0000 

0.1557 
o.s789 
0.882'" 
1.0000 

0.169'" 
0....661 
0.&110 
1.0000 

0.0989 
0.3....6 
0.7379 
1.0000 

D.0473 
0.2235 
0.6119 
1.0000 

0.0158 
0.11"'3 
0....686 
1.0000 

0.0012 
0.01l8 
0.2619 
1.0000 II 

8 
9 

10 

o 

1.0000 
1.0000 
1.0000 

0.5688 

1.0000 
1.0000 
1.0000 

0.31l8 

1.0000 
1.0000 
1.0000 

0.1673 

1.0000 
1.0000 
1.0000 

o.oes') 

1.0000 
l.uOOO 
1.0000 

iI.04:n 

0.9999 
1.0000 
1.0000 

0.0198 

13.9995 
1.0000 
1.0000 

13.0088 

0.9983 
0.9999 
1.0000 

0.0036 

0.9955 
0.9997 
1.0000 

13.0014 

7 0 
I 
1 
3 .. 
5 
6 
7 

0.0078 
0.0625 
0.2266 
0.5000 
0.7731 
0.9375 
U922 
1.0000 

0.0037 
0.0357 
0.1519 
0.l9l7 
0.6836 
0.8976 
0.9818 
1.0000 

0.0016 
0.0188 
0.0963 
0.2898 
0.5801 
0.841'" 
0.9710 
1.0000 

0.0006 
0.0090 
0.0556 
0.1998 
0.1677 
0.7661 
0.9510 
1.0000 

0.0001 
0.0038 
0.0288 
0.1160 
0.3519 
0.6706 
G.9176 
1.0000 

0.0001 
0.0013 
0.0119 
0.0706 
0.1"'36 
0.5551 
0.8665 
1.0000 

0.0000 
0.0004 
0.0047 
0.Oll3 
0.1_ 
0....U3 
0.7903 
1.0000 

0.0000 
0.0001 
0.0012 
0.0111 
0.0738 
0.283... 
0.6791 
1.0000 

0.0000 
0.0000 
0.0002 
0.0017 
0.0257 
0.1 ...97 
0.5217 
1.0000 

0.0000 
0.0000 
0.0000 
0.0002 

0.0038 
0.D144 
0.3017 
1.0000 

I 
1 
3 .. 
5 
6 
7 
8, 

0.8981 
0.9848 
0.9984 
0.9999 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.697'" 
0.9104 
0.9815 
0.9972 
0.9997 
1.0000 
1.0000 
1.0000 
1.0000 

0....922 
0.7788 
0.9106 
0.9841 
0.9973 
0.9997 
1.0000. 
1.0000 
1.0000 

OTt! I 
0.0'.1/': 
O.lnB9 

0.94%' 
0.9883 
0.9,)BQ 
0.99% 
1.0000 
1.0000 

0.1971 

u.-tI552 
o.i'I~n 

u.IlOS-l 
0.965i' 

u.9914 
U.9908 

0.9999 

1.0000 

Q.IIlO 
0.3127 
0.5696 
0.7897 
0.9218 
0.9784 
0.9957 
0.9994 
1.0000 

13.0606 
13.2001 
0.4256 
0.6683 
13.8513 
13.9<199 
0.9878 
0.9980 
0.9998 

0.133132 
13.1189 
0.2963 
0.5328 
13.7535 
0.9006 
0.9707 
0.9911 
0.9'193 

13.13119 
0.13652 
0.1911 
0.3971 
0.6331 
0.8262 
0.9390 
0.9852 
0.9978 

10 1.0000 1.0000 1.0000 1.00uO 1.0000 1.0000 1.0000 1.0000 13.9'198 
II 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

• 
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rABLE Al (Con&ued) 

n 'I P '" 0.50 0.55 0.60 0.65 D.70 0.75 O.BO 0.15 0.90 0.95 

11 o 0,0002 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 TABLE Al (Condnued) 

1 
O.OOll 
0.0193 

0.0011 
0.0019 

0.0003 
0.0018 

0.0001 
0.0008 

0.0000 
0.0002 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

n 'I p ­ 0.05 0.10 0.15 1Ii.~tJ ~~l!:; 0.10 0.35 0."0 0."5 

3 0.0730 0.0356 0.0153 0.0056 0.0011 0.Q00.4 0.0001 0.0000 0.0000 0.0000 15 o 0.-46]] 0.1059 0.0874 0.03$1 u.ul)-1 0.0047 0.0016 0.0005 0.0001 
.. 0.1938 0.1111 0.0513 0.0155 0.0095 0.0018 0.0006 &.0001 0.0000 0.0000 I 0.8290 0.5-490 0.3186 0.1<>/1 u.0801 0.0353 0.0112 0.0052 0.0017 
5 UBn 0.1607 0.1582 0.08<46 0.0386 0.01-43 0.0019 0.0001 0.0001 0.0000 1 0.961B 0.8159 0.6041 o.3~£lu 0.2:':161 0.1268 0.0617 0.0211 0.0107 

13 

6 
7 
8 
9 

10 
II 
11 

o 
I 
1 
3 
-4 
5 
6 
7 

0.612B 
0.8061 
0.9170 
0.9801 
0.9968 
0.9998 
1.0000 

0.0001 
0.0011 
0.0112 
0.O<t61 
0.133-4 
0.1905 
0.5000 
0.1095 

M711 
0.6956 
0.8655 
0.9519 
0.9911 
0.'992 
1.0000 

0.0000 
0.0005 
0.0041 
0.0203 
0.0698 
0.1188 
0.356] 
0.5132 

O.]:HII 
0.5618 
0.11-41 
0."66 
0.98O<t 
0.9978 
1.0000 

0.0000 
0.0001 
0.0013 
O.OOlB 
0.0321 
0.0911 
0.2288 
0.<4256 

0.2121 
0.-4161 
U5ll 
0.8481 
0.9576 
0.9943 
1.0000 

0.0000 
0.0000 
0.0003 
0.0025 
0.0126 
0.1J.462 
0.1295 
0.2841 

0.1118 
0.1763 
0.5015 
O.l-4n 
0.91SO 
0.9862 
1.0000 

0.0000 
0.0000 
0.0001 
0.0007 
0.00<t0 
0.0182 
0.061-4 
0.1654 

0.0$4<4 
0.1516 
0.3512 
0.609] 
0.8416 
0.9683 
1.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0010 
0.0056 
0.02-43 
0.0802 

0.0194 
o.om 
0.2054 
0 ..... '1 
0.1151 
0.9lll 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0012 
0.0070 
0.0100 

0.0046 
O.oll9 
O.ot21 
0.1642 
0.5565 
0.8518 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
O.OOll 
0.0075 

0.0005 
0.0043 
0.0256 
0.1109 
0.3-410 
0.1176 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0009 

0.0000 
0.0002 
0.0022 
00.196 
0.1184 
0.-4596 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 " 

3 .. 
5, 
7 
I 
9 

10 
II 
11 
13 
1-4 
15 

o 

0.9945 
0.9994 
0.9999 
1.0000 . 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.-4401 

0.9...... 
U873 
0.9918 
0.9991 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

O.I85l 

0.8227 
0.9l83 
0.9831 
0.996-4 
0.999-4 
0.9999 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

0.074] 

O . .s.Jil~ 

O.03St: 
O.9l!l~' 

O.9l'lE> 

O.'jI9S!J 

O.999:! 

O.'J5'9~ 

1.0uOO 
1.000u 

1.0000 

I.00UU 
1.0000 
1.0006 

O.ti2GI 

0.-1,,/3 
u.'::HlS 
O.I:l!':I.:. 
0.'1-13-1 

O.9fi27 
0.94)58 
IJ.')'?tn 

0.9999 

1.0000 
1.0000 

I.HODO 

1.0000 

1.0000 

O.OIGlJ 

0.2969 
0.5155 
0.7216 
0.8689 
0.9500 
0.98-48 
0.9963 
0.9993 
0.9999 
1.0000 
1.0000 
1.0000 
1.0000 

0.0033 

0.ln7 
0.1519 
0.56-43 
0.1518 
0.8868 
0.9518 
0.9876 
0.99n 
0.9995 
0.9999 
1.0000 
1.0000 
1.0000 

0.0010 

0.0905 
0.2171 
OAOl2 
0.6098 
0.7869 
0.9050 
0.9662 
0.9901 
U981 
0.9991 
1.0000 
1.0000 
1.0000 

O.OOOl 

0.0424 
O.l21H 
0.2608 
0.1522 
0.65]5 
0.8182 
O.91ll 
0.9745 
0.9937 
0.9989 
0.9999 
1.0000 
1.0000 

0.0001 
8 0.8666 0.1121 0.6470 0.-4995 0.3<451 0.2060 0.0991 0.03<42 0.Q065 O.OOOl I 0.8108 0.51-41 0.21B9 0.1":0'1 liotaS 0.0261 0.0098 0.0033 0.0010 
9 0.9539 0.9011 0.831-4 O.nll 0.5194 0.-4151 0.2527 0.1180 0.0342 0.00l1 1 0.9511 0.1892 0.5614 O.3Slu u.1971 0.0991 0.O<t51 0.0183 0.0066 

10 0.9888 0.91]1 0.9411 0.8868 0.1915 0."1-4 0.-4981 0.3080 0.1]]9 0.02-45 J 0.9930 0.9ll6 0.7899 O.59iJ/ 0 . .J050 0.2159 0.ll39 0.0651 0.0281 
II 0.9983 0.9951 0.981-4 0.910<4 0.9363 0.81]] 0.1664 0.6011 0.3181 0.1354 .. 0.9991 0.9830 0.9109 O.7'1CE 0.6301 0.+199 0.2892 0.1666 0.0853 
11 
Il 

0.9999 
1.0000 

0.9996 
I.booo 

0.9981 
1.0000 

0.9963 
1.0000 

0.9903 
1.0000 

0.9162 
1.0000 

O.94SO 
1.0000 

0.8191 
1.0000 

0.1-458 
1.0000 

0.<4861 
1.0000 

5, 0.9999 
1.0000 

0.9961 
0.9995 

G.9765 
0.9944 

O.911:!j 
0.97:0 

(uJlo:i 

u.nO.J 
0.6598 
0.8217 

0.4900 . 
0.6B81 

0.l288 
0.5272 

0.1976 
0.l660 

I .. o 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 7 1.0000 0.9999 0.9989 O.9~)O 1l.';)'i'2~) 0.9256 0.8-406 0.7161 0.5629 
I 0.0009 0.000] 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 I 1.0000 1.0000 0.9998 0.99&$ 4J,'J9:!5 0.9713 0.9329 0,8577 0.1+11 
1 0.0065 0.0022 0.0006 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 9 1.0000 1.0000 1.0000 O.9'J9Q O.9'J8-j 0.9929 0.9711 0.9117 0.8759 
3 0.0281 0.0114 0.0039 0.0011 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 10 1.0000 1.0000 1.0000 1.0000 O.9')~j' 0.9981 0.9938 0.9809 0.9511 
-4 0.0898 0.0426 0.0175 0.0060 0.0017 0.0003 0.0000 0.0000 0.0000 0.0000 II 1.0000 1.0000 1.0000 1.00Du 1.0000 0.9997 0.9987 0.9951 0.9851 
5 G.l120 0.1189 0.0583 0.02-43 0.0083 0.0022 0.000<4 0.0000 0.0000 0.0000 12 1.0000 1.0000 1.0000 !.OOOo l.oO()() 1.0000 0.9998 0.9991 0.9965 
, 0.3953 0.1586 0.1501 0.0153 0.Ol15 0.0103 0.0024 O.OOOl 0.0000 0.0000 13 1.0000 1.0000 1.0000 1.0000 '.0000 1.0000 1.0000 0.9999 0.999-4 
7 O.6O<tl 0.-4539 0.3015 O.lB36 0.0933 0.0383 0.0116 0.0022 0.0002 0.0000 I. 1.0000 1.0000 1.0000 1.000() 1.0000 1.0000 1.0000 1.0000 0.9999 
8 0.1880 0.6621 0.51-41 0.3595 0.2195 0.1111 0.O<t19 0.0115 0.0015 0.0000 15 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
9 

10 
0.9102 
0.9113 

0.8328 
0.9368 

0.1201 
0.8151 

0.5113 
0.1195 

0.-4158 
0.6448 

0.2585 
0.-4181 

0.1298 
0.3018 

0.O<t61 
0.1465 

0.0092 
0.04-41 

0.0004 
0.0042 

16 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 Loooo 1.0000 1.0000 

II 0.'935 0.9830 0.9602 0.9161 0.8392 0.1189 0.5519 0.3511 0.1584 0.0101 
11 

13 
1-4 

0.9991

0,""
1.0000 

0.9911 
0.9998 
1.0000 

0.9919 
0.9992 
1.0000 

0.9195 
0.9916 
1.0000 

0.9525 
0.9932 
1.0000 

0.8990 
U822 
1.0000 

0.8021 
0.9560 
1.0000 

0.6433 
o.89n 
1.0000 

0.-4154 
0.1112 
1.0000 

0.1530 
0.5113 
1.0000 

fOol:: 

.. 
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TABLE A7 Quantiles of the Mann-Whitney Test Statistic" 

n 	 8 II 12 13 I~ 15 16 17 18
", 
0.001 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

0.1105 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 

11.01 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 5


1 
 0.015 3 3 3 3 3 3 4 4 4 5 5 5 5 5 5 6 6 6 

11.05 3 3 3 4 4 5 5 5 6 6 7 7 7 7 8 8
" .. 5""-: 	 ,0.10 3 4 4 5 5 6 I> 7 7 8 8 8 9 10 10 II 


0.001 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 

0.005 6 6 6 6 6 6 7 7 7 8 8 a 9 9 9 9 10
,11.01 6 6 6 6 6 7 7 8 8 8 9 9 10 10 II 11 II 
" 1 
 0.015 6 6 6 7 8 8 9 9 10 10 11 II 12 12 13 13 H 14 

0.05 6 7 7 8 9 9 10 II II 12 12 13 14 14 15 16 16 17 

0.10 7 8 8 9 10 II 12 12 13 14 15 16 17 17 la 19 20 21 


• .001 	 10 10 10 10 10 10 10 10 II II II 12 12 12 13 13 14 14 

0.005 	 10 10 10 10 11 11 12 12 13 13 14 14 15 16 16 17 17 18 

11.01 10 10 10 II 12 12 13 14 14 15 16 16 17 18 18 19 10 10 

G.02S 10 10 II 12 13 1~ 15 15 16 17 18 19 10 21 II II 23 14 

11.05 	 10 II 12 13 14 15 16 17 18 19 10 21 II 23 lS 26 17 18 

0.10 	 II 12 14 15 16 17 18 10 21 II 23 24 26 27 III 29 31 32 


0.001 	 15 15 15 15 15 15 16 17 17 18 18 19 19 20 21 21 II 23
• 0.005 	 IS 15 15 16 17 17 18 19 10 21 II 23 23 24 lS 26 27 28 

0.01 	 15 IS 16 17 18 19 20 21 II 23 24 lS 26 27 III 29 30 ]1 


0.015 	 15 16 17 18 19 21 II 23 24 lS 27 III 30 31 33 H 35
2' 
US 	 16 17 18 10 21 II 24 lS 27 III 29 31 32 34 35 36 38 39 

0.11 	 17 18 20 21 23 24 26 III 2'1 31 33 34 36 38 39 41 43 44 

0.001 	 11 21 21 21 21 21 23 14 lS 26 26 27 28 29 30 31 32 ]3 

0.005 	 21 21 II 23 14 lS 26 27 III 29 31 32 33 34 35 37 38 39 

0.01 	 11 21 23 14 lS 26 III 29 30 31 33 34 35 37 38 ~o 41 42


6 
 o.o2S 	 21 23 24 lS 17 III 30 32 33 35 36 38 39 41 ~3 44 46 47 

0.05 	 II 2~ lS 17 29 30 12 34 36 38 19 ~I 43 45 47 4a 50 52 

0.10 	 23 15 27 29 31 33 3S 37 19 41 ~ 45 47 4' 51 53 56 58 


0.001 III III III III 19 30 31 32 34 35 36 37 38 39 40 42 43 ..... 

O.DOS III III 29 30 32 33 35 36 38 39 41 41 44 45· 47 48 50 51 

...1 III 29 30 32 33 35 36 38 40 41 43 45 ~6 48 50 52 53 55


7 
 G.02S 	 III 30 31 34 35 37 39 41 43 45 47 '" 51 53 55 57 59 61 

2'1 31 33 35 37 40 42 44 46 4B so 53 55 57 59 62 64 66
"'5 

e.10 	 30 33 35 37 48 42 45 47 so 52 55 57. 60 62 65 67 70 72 


• 

1.001 36 36 36 37 38 39 41 41 43 45 46 4B 4' 51 52 54 55 57 

e.. 3' 36 38 19 41 43 44 46 48 so 52 54 55 57 59 61 63 65 

0.0' 36 37 39 41 ~3 44 46 4B so 52 54 56 59 61 63 65 67 69 

8.8l5 37 39 ~I ~ ~5 47 50 52 54 56 59 61 63 66 68 71 73 75 

••OS 38 48 41 ~5 47 so 52 55 57 60 63 65 70 73 76 78 81 

1.10 	 39 42 44 ~7 so 53 59 61 64 67 70 73 76 79 82 85 88
~ 	 " 

TABLE A7 (Continued) 

II 1 	 10 11 12 13 14 IS 16 17 

6 7 


"lI.eol 	 45 45 4S 47 48 49 51 53 54 56 
 58 60 61 63 

53 55 57 59


0.005 	 45 46 47 49 51 
65 67 69 71


61 64 66 68 70 73 75

9 55 57 60 62 64 67 69 72 71 n 79 


0.111 	 45 47 49 51 53 n 79 

0.015 	 46 B2 84
48 so 53 56 58 61 63 66 
 69 12 74 n 80 83
o.os 	 47 as 88 91
50 52 55 58 61 64 67 
 70 73 76 79 82 as as
0.11 	 48 9i 94 97
51 55 58 61 64 68 71 
 74 n 81 84 87 
 91 94 98 101 104
a.ool 55 55 56 57 59 61 61 64 66 68 
 70 73 75
0.005 	 55 56 n 7'1 81 83 85
58 60 62 6S 67 
 69 12 74 n eo 82 85 


10 59 62 64 67 69 12 75 78 eo 83 86 89 92 94 97 

0.01 	 5S 57 87 90 93 95 

o.m 	 56 59 100
61 64 67 70 73 76 79 82 
 as 89 92
o.os 	 57 63· 67 95 98 101 104 108
60 70 73 76 80 8] B7 
 90 93 97 100 104 107
0.10 	 59 III 114
61 66 69 73 n 80 84 88 92 
 95 99 10] 107 110 111 
 118 122
0.001 	 66 66 67 69 
 1i 73 75 n 7'1 82 
 84 87 89 91 94
n eo 83 85 88 9i 94 97 100 10] 

o.oos 	 66 67 69 72 74 96 99 101 

0.01 	 106 109 112
66 68 71 74 76 79 82 B5
II 	 89 92 95 98 101 104 108
0.025 	 67 70 73 76 III 114 117
80 83 86 90 9] 
 97 100 104 107 III
0.05 	 114 118 122 IlS
68 72 7S 79 83 86 90 94 
 98 101 105 109 113 117 121
0.10 	 70 74 78 82 86 90 94 10] 

124 128 132
98 107 Iii .115 119 124 118 132 136 HO
0.001 	 7B 78 79 81 83 86 88 91 93 96 
 98 102 104 106 110 113 116
o.OOS 	 78 BO 118
82 85 B8 91 94 97 100 10] 106 110 113 116 120 123
0.01 	 78 m 130
81 84 87 90
i. 	 9] 96 100 103 107 110 114 117 121 125 128
0.02S 	 eo 6] D2 135
86 90 93 97 101 105 108 
 112 116 120 124 128 132 136
0.05 	 61 84 B8 n 1·10 144
96 100 IDS 109 III 
 IIi 121 126 130

87 91 ~6 100 105 10~ 11< liB
0.10 	 B3 1]4 139 to.!::: I·a 151


123 128 132 137 142 146 151 
 156 160
0.001 ~I ~I 93 95 97 100 103 106 109 112 
 115 118 121 124
O.OOS 	 91 93 m 130 1}4 137
'5 ~9 101 105 109 112 116 119 
 123 126 130 134
0.01 92 94 	 137 l.:il 1·~5

[3' 97 101 IIX 108 112 115 119 123 	 "9
127 13 I 135 139
o.OlS 	 93 96 100 IIX 108 112 116 120 125 129 

143 147 151 155 

133 137 142 146
0.05 	 94 151 ISS 159 164
9B 102 107 III 116 120 
 IlS 129 134 
 139 143 148 

145 150 ISS 160 166 171 


0.10 	 96 101 105 110 115 120 125 130 1]5 140 
153 157 162 167 In 


176 181
0.001 105 105 107 109 112 115 118 121 
 125 118 131 1]5 138 142 145
0.005 	 149 152
IDS· 107 110 113 117 121 124 128 	 156
112 136 I~O 144 118 152
0.01 	 156 160 164 169
106 108 112 116 119 123. 128 132
14 	 136 140 I..... 149 "153 157
0.G2S 107 III 	 162 166 171 175
115 1i9 123 IlII III 137 142 146 
 151 156 161 165
0.05 109 113 	 170 175 leo 184
117 III 127 132 137 142 147 152 
 157 162 167 172
0.10 110 	 177 18] 188 193
116 121 116 131 137 142 147 IS] 
 158 1£1 169 175 180 IS6 191 
 197 20]
0.001 120 120 III IlS 128 13] 115 138 142 
 145 1~9 153 157 161 164 168
0.005 120 123 126 129 1]3 137 141 145 150 	
172 176


154 158 163 167
0.01 121 124 118 132 	 172 176 181 185 190
15 	 .136 140 145 149 154 
 158 163 168 172
O.OlS ill 	 In 182 187 191 196
126 131 135 
 '40 145 ISO ISS 160 
 165 170 175 180 185 191
US 124 118 133 139 I..... 149 154 160 	
196 201 206
165 171 176 182 187 193 198
0.10 126 III 137 143 148 154 160 166 	
204 209 215
172 178 184 189 195 101 207 
 213 219
0.001 136 136 139 142 '45 148 IS2 156 160 	

2lS 

164 168 172 176 180 185 189
0.005 136 139 	 193 197
142 146 ISO 155 159 164 168 173 
 178 182 187 192 197 202 207
0.01 Il7 140 I..... 149 153 211 


O.OlS 138 213 219 

158 163 I" 173 178 183 188 193 198 203 208
143 1~8 152 158 163 168 
 174 17'1 184 190 196 101 207 212 218
0.05 140 145 	 223 229
151 156 162 167 173 179 185 191 
 197 202 lOB 214 220 226
0.10 142 148 154 160 166 173 17'1 las 191 	 232 238
198 104 211 217 
 113 230 236 24] 249 
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TABLE'A7 (Continued) 

• , .. -2 1 4 , I t 10 II 12 11 14 15 " 17 18 " 
0.001 -153 15<1 ~56 . 159 163 161 111 115 179 183 188 191 191 lOl 206 211 215 220 
0.005 153 156 160 164 169 113 178 183 188 193 198 203 lOll ll~ 219 22~ 229 235 

17 0..1 
ons 

15<1 
156 

158 
160 

162 
165 

167 
171 

172 
176 

177 
182 

t82 
188 

187 
193 

191 
199 

198 
205 

203 
211 

209 
217 

211 
m 

220 
229 

115 
235 

231 
211 

236 
~7 

212 
253 

0.05 157 163 169 171 180 187 193 199 205 211 218 224 13I 237 213 250 256 263 
11.10 160 166 In 179 185 192 199 206 111 119 116 233 239 216 lSl 260 261 27~ 

0.801 171 m 175 178 182 186 190 19S 199 201 209 214 218 m 218 233 138 213 

II 

D.805 
D.oI 
0.025 

171 
In 
171 

114 
176 
179 

178 
181 
181 

183 
186 
190 

188 
191 
196 

193 

'" 202 

198 
202 
108 

203 
lOll 
214 

209 
213 
220 

21<1 
219 
227 

219 
2lS 
233 

2lS 
231 
239 

230 
237 
246 

23' 
212 
252 

242 
118 
258 

2<11 
lS<I 
265 

lS3 
260 
271 

259 
266 
278 

D.as 176 181 188 191 200 207 213 220 227 233 240 2<17 lS<I 260 267 IH 281 28B 
D.ID 178 185 191 199 206 213 220 227 2J4 211 219 156 263 270 278 285 291 300 
0.001 
0.805 

190 
191 

I"
191 

191 
198 

198 
203 

202 
lOll 

206 
213 

211 
219 

216 
2J4 

220 
230 

2lS 
236 

231 
212 

236 
248 

241 
lS<I 

21' 
260 

251 
26S 

257 
272 

262 
278 

268 
281 

• It 0.01 
Dns 
0.05 

192 
193 
195 

195 
198. 
:201 

200 
201 
lOll 

206 
210 
21<1 

111 
216 
221 

217 
m 
m 

m 
229 
235 

229 
2J6 
2<12 

235 
2<13 
219 

211 
219 
256 

2<17 
156 
263 

lS<I 
163 
271 

260 
269 
278 

266 
276 
28S 

213 
lB3 
292 

279 
290 
300 

28S 
297 
307 

292 
301 
31<1 

0.10 198 lO5 212 119 227 2J4 2<11 219 257 261 17l 280 188 295 30J 311 319 JU 

0.801 110 211 2'<1 218 m l27 232 217 2<13 218 253 259 165 270 276 281 287 293 
D.oo5 111 114 219 22<1 229 235 ~I 217 253 259 265 271 278 281 290 297 303 310 

2D 0.01 
ons 

212 
213 

116 
219 

221 
2lS 

l27 
231 

233 
238 

139 
2<15 

2<15 
251 

251 
259 

l58 
260 

264 
273 

271 
280 

278 
287 

281 
291 

291 
301 

298 
309 

301 
316 

311 
32l 

318 
J30 

o.es 215 2ll ll9 236 ~3 250 258 26S 273 280 188 295 303 311 318 326 ~ 311 
0.10 218 226. 233 2<1' 119 257 265 273 281 289 297 305 313 321 JJO 338 316 351 

For n or III ..-a- 20, the j>d> quantile w, of the Mann-WhMey mot mtistic may be apprmcimated by 

w, - n(N + 1)/2 + Z,v'nm(N + 1)/12 

where Z, Is the j>d> quantile of a standard nonnal ...... dom variable, obtained from Table A I, and where N ., III + n­
o The enaies in this table are qUlllltlies w, of the Mann-Whitney mot ItIdSlic r. ren by Equadon 5.1.1, for selected value. of ". Note that p(r < w,) s p. Upper IjU 

. tiles may be found from the equation . 

w, = n(n + m + I) - w, ... 


CritIcal regions correspond to ..,yUill of r leu than (Dr greater a-) but not equal to the appropriate quamile. 
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TABLE AIO Quantiles of Spearman's (f' 

n = 0.900 0.950 0.975 0.990 0.995 0.999 

4 0.8000 0.8000 
5 0.7000 0.8000 0.9000 0.9000 
6 0.6000 0.7714 0.8286 0.8857 0.9429 

7 0.5357 0.6786 0.7500 0.8571 0.8929 0.9643 

8 0.5000 0.6190 0.7143 0.8095 0.8571 0.9286 

9 0,4667 0.5833 0.6833 0.7667 0.8167 0.9000 

10 0.-4424 0.5515 0.6364 0.7333 0.7818 0.8667 

II 0.4182 0.5273 0.6091 0.7000 0.7455 0.8364 
12 0.3986 0,4965 0.5804 0.6713 0.7203 0.8112 
13 0.3791 0.4780 0.5549 0.6429 0.6978 0.7857 

-"14 0.3626 0,4593 0.5341 0.6220 0.6747 0.7670 

15 0.3500 0.-4429 0.5179 0.6000 0.6S00 0.7464 

16 0.3382 0.4265 0.5000 0.5794 0.6324 0.7265 
17 0.3260 0.4118 0.4853 0.5637 0.6152 0.7OB3 
18 0.3148 0.3994 0.4696 0.5480 0.5975 0.6904 
19 0.3070 0.3895 0.4579 0.5333 0.5825 0.6737 
20 0.2977 0.3789 0.-4451 0.5203 0.5684 0.6586 

21 0.2909 0.3688 0,4351 0.5078 0.5545 0.6455 
22 0.2829 0.3597 0.4241 0,4963 0.5426 0.6318 
23 0.2767 0.3518 0.4150 0.4852 0.5306 0.6186 
24 0.2704 0.3435 0.4061 0.4748 0.5200 0.6070 
25 0.2646 0.3362 0.3977 0.4654 0.5100 0.5962 

26 0.2588 0.3299 0.3894 0,4564 0.5002 0.5856 
27 0.2540 0.3236 0.3822 0.-4481 0.4915 0.5757 
28 0.2490 0.3175 0.3749 0.4401 0,4828 0.5660 
29 0.2-443 0.3113 0.3685 0.4320 0....7-44 0.5567 
30 0.2400 0.3059 0.3620 0....251 0.4665 0.5479 

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

z, 
w'''Vn_1 

where z, Is the pth quantile of a standard normal random variable obtained from Table A I. 

SouRCE Adapted from Glasser and Winter (1'61). with corrections, with pennlmon from the 8/ometri/c" 
Trust_. 
• The entries In this table are selected quantllel w, of the Spearman rank corralatlon coefficient p when used 
2S • test statlltlC. The lower quantlles may be obtained from the e'luatlon 

w, == -WI_II 

The critical region correspondl to valu•• of p smaller than (or greater than) but not including the appro· 

prlate quantile. Note that tile median of p Is O. 


TABLE All Quantiles of the Kendall test statistic T = N, - N J • Quantiles 
of Kendall's l' are given in parentheses. Lower quantiles are the negative of 
the upper quantiles, wp = -WI_p' 

n II =0.900 0.950 0.975 0.990 0.995 

4 4 (0.6667) 'I (0.6667) 6 (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) II (0.7333) II (0.7333) 13 (0.8667) 
7 9 (0,4286) II (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.-44-44) 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) 
II 17 (0.3091) 21 (0.3818) 25 (0,4545) 29 (0.5273) 31 (0.5636) 
12 18 (0.2727) 24 (0.3636) 28 (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 (0,4505) 45 (0,4945) 
15 27 (0.2571) 33 (0.3143) 39 (0.3714) 47 (0.-4476) 51 (0,4857) 

16 28 (0.2333) 36 (0.3000) -44 (0.3667) 50 (0,4167) 56 (0,4667) 
17 32 (0.2353) 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 (0.2164) 47 (0.2749) S5 (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) 
12 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) lOB (0.3600) 

26 59 (0.1815) 75 (0.2308) 89 (0.2738) 105 (0.3231) 1'15 (0.3538) 
27 61 (0.1738) 79 (0.2251) 93 (0.2650) III (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) 114 (0.3054) 136 (0.3350) 
30 73 (0.1678) 93 (0.2138) 109 (0.2506) 129 (0.2966) 143 (0.3287) 

31 75 (0.1613) 97 (0.2086) 115 (0.2473) 135 (0.2903) 149 (0.3204) 
II 80 (0.1613) 102 (0.2056) 120 (0.1419) 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) II I (0.1979) 131 (0.2335) ISS (0.2763) 173 (0.3084) 
3S 91 (0.1529) 115 (0.1933) 137 (0.2303) 163 (0.2739) 179 (0.3008) 

36 94 (0.1492) 120 (0.1905) 1-44 (0.2286) 170 (0.2698) 188 (0.2984) 
37 98 (0.1471) 126 (0.1892) ISO (0.2252) 176 (0.2643) 198 (0.2943) 

• 




TABLE AI2 Quantliu oltha WilCO)l'Oii $Ill:~~",d L~",u,~~ Y.::st Statistic 

nCn + I) 
W..... WUI W...1I Wo.o~ t,~'iJ.'u l.l'u.:tu: Wallo) W,... Wuo 1 


ft-4 o o o o ::; 1 -4 5 10
rABLE All (Continued) 5 o o o I j -~ 5 6 7.5 15
,6 o o I 1 -J 8 10.5 11 

1 o I 1 4 0' II 11 1-4 28 


~ 103 (0.1-465) III (0.1863) 155 (0.2105) 183 (0.1603) 203 (0.2888) 


n fJ OIl 0.900 0.950 0.975 0.990 0.995 

I 1 -4 6 Sf l:.! 1-4 16 18 36
• 
" 

~ 107 (0.1.......) 137 (0.111-4') 161 (0.1173) 191 (0.1578) 111 (o.l848) 
9 1 -4 6 ? II is 18 10 21.5 45 


~ 110 (0.1372) .'-42 (0.1811) 168 (0.2154) 198 (0.2538) 220 (0.1811) 
10 -4 6 9 II I:: I,i n 15 27.5 55
II 11-4 (0.1390) .-46 (0.1780) 17-4 (0.2Ill) 106 (O.lS 11) 218 (o.l180) 

II 6 8 II 14 k ::::::1 27 30 33 66 
~ 119 (0.1l81) 151 (0.1754) 181 (0.2101) 113 (0.2-474) 135 (0.1719) 

D III (0.1361) 157 (0.173') 187 (0.1071) 111 (0.1....7) 1-45 (0.1713) 11 8 10 1-4 10 ~'.! '!i..; 31 36 39 78 

118 (0.1353) 162 (0.1712) 19-4 (0.1051) 218 (0.1-410) 151 (0.166-4)~ 13 10 13 18 21 '.!.) :;J, 38 41 45.5 
 'I 

~ 131 (0.1333) 168 (0.1697) 200 (0.1020) 236 (0.1383) 262 (0.l6-46) 14 13 16 12 26 ::r! )~! 44 -48 51.5 105 

~ 135 (0.130-4) 173 (0.1671) 207 (0.1000) l-45 (0.1]67) 171 (0.1618) 
 15 16 10 26 31 :./1' ~1.1: 51 5S 60 120 

~ 1-41 (0.130-4) 179 (0.1656) 213 (0.1970) 253 (0.1]-40) 17' (0.2581) 16 10 1-4 30 36 -:1 ;;1 58 63 68 136 

~ I.... (0.1277) 186 (0.1649) 110 (0.1950) 160 (0.2305) 188 (0.2553) 

11 1-4 18 35 41 -:~! :.~ ~.; 65 71 76.5 15l
~ 150 (0.1276) 190 (0.1616) 218 (0.1939) 268 (0.1179) 296 (0.2517) 
~ 153 (0.11-49) 191 (0.1608) III (0.1901) 177 (0.1161) 305 (0.1-490) I. 28 II -41 -40 ~:G. ,,;.. 7l 80 85.5 171 

II 159 (0.12-47) 103 (0.1592) 2-41 (0.1890) 185 (0.1135) 315 (0.2471) 
 19 II 38 -41 5-4 d )'-: B2 89 95 190 

~ 162 (0.1122) 208 (0.1569) 2-48 (0.1870) 19-4 (0.2217) 32-4 (0.2....3) 
 10 38 .... 5l 61 :I() 91 98 105 210 

~ 168 (0.1219) 21-4 (0.1553) 156 (0.1858) 301 (0.1191) 334 (0.1-424) 
 11 .... 50 59 68 /0 ~·I 100 108 115.5 211 

~ I7l (0.1109) III (0.15 .... ) 263 (0.1838) 311 (0.1173) 343 (0.1397) 11 -4, 56 67 'll:. Li' h!U 110 119 116.5 253
a In (0.1191) ll7 (0.1529) 169 (0.1811) 319 (0.11-48) 353 (0.2377) 

13 55 63 7-4 84 ')5 IHl 110 IlO 138 176 

~ 181 (0.1181) 132 (0.1506) 176 (0.1791) 318 (0.1130) 361 (0.1351) 
n 186 (0.1165) 2-40 (0.150-4) 111-4 (0.1779) 336 (0.11 OS) 372 (O.1lll) 14 61 70 81 92 IUS UlJ 131 1-41 150 300 


~ 191 (0.1155) 1-45 (0.1-481) 191 (0.1760) 3-45 (0.1087) 381 (0.2305) 
 15 6' 77 90 101 iI-l !Ji 143 153 162.5 325 

~ 197 (0.1151) lSI (0....67) 299 (0.17-48) 355 (0.1015) 391 (0.ll85) 
 Ikl~,16 76 85 99 III I:!~ 155 165 175.5 351 

~ 101 (0.11-41) 158 (0.1-458) 306 (0.171') 364 (0.lOS6) -4Ol (0.2271) 
 Il'-I. 1.,717 11-4 9-4 108 120 I:'JS 178 189 378
1. 91 101 117 III I-J6 .c.~ 180 191 203 -406
'or n PUll' 111111 60, IIjIpI'GJdmaf.a quand'" of Tmay b. obcaIMd fram 


19 101 III 117 1-41 1St! Ii'u 193 106 217.5 -435 

~ • ...Jnf.n - I)(ln + 5) 
 30 110 III 138 152 170 I ~I i 207 110 2l2.5 -465
• -. 18 


31. 119 III 1-48 16-4 182 205 211 ll5 248 -496 

....... Z. .. from III. IWldard normal dllUIbudon pen b)' Tab.. :AI. Appro>dmatll ....... of l' may b. 
 II 119 1-41 160 176 I'is 11'1 136 150 26-4 518 

obealn..! from 33 139 151 171 188 108 2Jj lSI 166 280.5 561 


34 1-4' 163 183 101 222 24ll 266 181 297.5 595
.~ w. Z.lV'lI(II_ I) 
35 160 115 196 11-4 13" 2tJ 283 299 315 630 


:rklal "'alonl ~uponcI to vahlu 01 T...... d-. (QI' .... chin) 1M: not: IIIcIudIni h appropriatll 
 36 171 187 109 128 251 'if'; 29'1 317 l33 666 

(UUIlI•• Notllht h m.dlan 01 T .. o. QIandIu ".,. 1''' obtain..! by dIvIdl", III......d... 01 T by 
 31 111-4 199 m 141 266 2~$ ll6 335 351.5 703
(II - 1)11. . 3. 196 211 136 157 101 ::II:.! 33-4 35l 370.5 7-41 

OUACL Adaprad from Tab.. I. But: (197.." willi p ... mlilion from hlWrhor. 
 39 208 115 150 172 19& 320;; 351 )72 390 780
4. nI 139 265 187 314 :HI 371 391 410 810 


41 1]5 253 280 lOl 331 '<Ie 390 -411 430.5 861
J~J 

41 2-48 261 195 l10 149 384 1M -431 -451.5 903 


}. 

• 




TABLE All (Continued) 

n(n + I) 
W..... WUI Wl.m wu. W,.I. W.... WUI W.... wu. 1 

.. 1 263 282 311 ll7 366 ..01 ...29 ...52 ...73 ,...6 

.... 177 197 31S 35... 185 ...11 ...50 ...73 "'95 990 

.. 5 292 111 l+t 172 ...al +t2 ...71 *5 517.5 1015 .., lOB 329 362 190 .f23 .f6l .f91 517 ~.5 lOBI 

.. 7 32... l"6 379 .fOS +t2 .fM 51-4 5-40 S6.f 1128 

..I 3...0 363 397 .f28 ...61 505 536 563 58a 1176 

.., 357 381 ... 16 4-47 .f8l 517 SS9 S87 612.5 IllS 
50 374 398 .f15 ...67 504 SSO 581 611 637.5 Ill5 

For n 1!!!J!.r rhan 50. the /lth qUillldi. w, of tho WHcQXon aJcned nnb _ ItI:Idsdc mar be IflIII'C'dmawi by w, - [n(n + 1)/4] + 
I, '1111(11 + 1)(211 + 1)/1-4. wh.r. I, II tile jlth qUillldI. 01 a aandard nDtlllal random varla.ble. oIlllllned from Tabla AI. 
SOUIICII. Adapled from Hart.,. and Owan (1970). wkh parml,,/an from tho AmvIcan Muh_da1 Soclaty. 
"The entrlal In thI. tabI. are qUiIIIlll.1 w, of dI. Wilcoxon 111II.d nnb QII: II:UlrIlc T".l!Yan lIy Equallon 5.7.3, for lelected v.aJ.. 
.... of ,. "" 0.50. Quantll.1 w, for /I > 0.50 may ba compllQd from the aquallon 

I w. '" n(n +1 )/1- WI_,
.', 

wh... n(n + 1)/111 elvan In dI. rtaht hand column In tho tallia. NoQ thai J1(T" < w,) os /I Ind I'(T" > w, ) os I - /I If He II 
tnHI. Crillcal ..&Jon. corrupond IQ w1ues 01 T" leu than (or lVeaQr rhan) but not IncIudIn, dI. IJIpropriaq quanll'" 

.:., 
TABLE All Quantllu of the Kolmog""<>\1 -("',,( S~..dstk· 

One·Slded Tat 
0.95 0.975 0.99 O.,},}!i; I> =0.90 0.95 0.975 0.99 0.995" ... 0.90 

Two·Slded T •• 
" =0.10 0.90 0.95 0.98 U~9'-J p:; 0.80 0.90 0.95 0.98 0.99 

n==1 
1 
3 
.f 

,5 

, 
7 
I 

10 
II 
11 
11 
I .. 
15 
I' 
17 
'I 
I' 
10 

0.900 
0.684 
0.565 
0.493 
0 ..... 7 
0 . .f10 
0.3SI 
0.358 
0.339 
0.311 
0.30S 
0.296 
0.285 
0.275 
0.266 
Q.2S8 
0.250 
0.24-4 
0.237 
0.212 

0.950 
0.776 
0.636 
0.565 
0.509 
0.-468 
0.436 
0.410 
0.187 
0.169 
0.152 
0.33S 
O.l25 
0.3'''' 
O.l04 
0.295 
0.286 
0.279 
0.27' 
0.265 

0.975 
0.8-42 
0.708 
0.624 
0.563 
0.519 
0.-4S3 
0.454 
0.-430 
0.409 
0.191 
G..l75 
0.361 
0.l"9 
0.l18 
0.327 
O.lIS 
0.309 
0.101 
0.2"" 

0.990 0.9% ;, 

0.900 0.929 
0.785 O.o:l.9 
0.689 0.734 
0.627 O.66~ 

0.577 0.611 
0.538 O.Sh 
0.507 0.5-12 
0.-'180 0.51:1 
0.457 OAu~' 

OA37 0.'1611 
OAI9 OA4'i 
0.404 OAn 
0.390 OAlli 
0.377 0.40-1 
0.366 0.392 
0.155 0.381 
0.346 0.3/1 
0.337 0.361 
0.329 0.352 

Appro)(imbltio" 
for n > 40 

11 
:t:! 
:.!~ 
:!.j 

~S 

:!L, 
'.!.'j 

:.ttl 
'.1.'J 
]1.1 

:::1 
~:.:. 

.....:. 
::;-j 

::.~ 
21':' 
~:il 

~ii 

::;~ 

-'It! 

0.226 
0.221 
0.216 
0.212 
0.20B 
0.204 
0.200 
0.197 
0.193 
0.190 
0.187 
0.184 
0.182 
0.179 
0.177 
0.174 
0.172 
0.170 
0.168 
0.165 
1.07 
Vn 

0.259 
0.253 
0.2-'17 
0.2-'12 
0.238 
0.233 
0.229 
0.225 
0.221 
0.21S 
0.214 
0.211 
0.208 
0.205 
0.202 
0.199 
0.196 
0.194 
0.191 
0.189 
1.22 

Vn 

0.287 
0.281 
0.275 
0.269 
0.26-4 
0.259 
0.254 
0.250 
0.246 
0.242 
0.238 
0.234 
0.211 
0.227 
0.2H 
0.221 
0.218 
0.215 
0.213 
0.210 
1.36 
Vn 

O.lll 
0.31-4 
0.307 
0.301 
0.295 
0.290 
0.28-4 
0.279 
0.275 
0.270 
0.266 
0.262 
0.258 
0.254 
0.251 
0.2"'7 
0.2-44 
0.2"" 
0.23S 
0.235 

0.344 
0.337 
0.330 
0.323 
0.317 
0.311 
0.305 
0.300 
0.295 
0.290 
0.285 
0.281 
0.277 
0.271 
0.269 
0.265 
0.262 
O.25S 
0.255 
0.252 
1.63 
Vn 

Sout.cI. Ad_pcad from Taili. I 01 MUlar (1'56). Used with pe"mlsslu" 01 <he AmerLcan Statistical Alloclation. 
"Th. _ In dill taIIl. are 1.I.Clad quantll.. w, of tho Kolmogoro. teit s",'lstlc. r. r\ and T- a. defined by Equation 6".1 for 
_sided taU and lIy Equatlonl 6.l.llnd 6.1.3 for one-sided testS. Reject H, at the 1•••1or If T exc••cts the I '" quantile 
elvan In tilil taIIl.. n..•• qUiIIIllla are exact for n :S 10 In the cwo-tailed test. The other qLlilRdles arlllJlproldmatiOM thae .re 
aqual eoth. exaa quanclt•• In mole cues. A better approllimation fu.. Il > 40 results If (n + VoTiO),n II JJsed Inllud of v'ii In 
tho danomlnator• 

• 




TABLEAI9 Quantiles of the Smlrnov Test Statistic for Two Samples of Equal Size n d 

One-Sided Test: One-Sided Test: 
fJ =0.90 0.95 0.975 0.99 0.995 fJ = 0.90 0.95 0.975 0.99 0.995 

Two-SIded Test: Two-SIded Test: 
fJ = 0.80 0.90 0.95 0.98 0.99 fJ =0.80 0.90 0.95 0.98 0.99 

n=3 
4 
5 
6 .. 7 

8 
9 

'0 
II 
12 
11 

,. 
15 
16 
17 
18 
19 
20 
21 

213 
3/4 
3/5 
3/6 
4f7 

4/8 
4/9 
4110 
5111 
5/12 
5113 

5114 
5/15 
6116 
6/17 
6118 
6119 
6120 
6121 

213 
3/4 
3/5 
416 
417 

418 
519 
5/10 
5/11 
5112 
6113 

6/14 
6115 
61t6 
7117 
7,.18 
7119 
7120 
lnl 

3/4 
4/5 
416 
5f7 

5/8 
5/9 
6110 
6/11 
6112 
6/13 

7/14 
7115 
7116 
7/17 
8/18 
8/19 
8120 
8121 

4/5 
516 
5f7 

518 
619 
6110 
7/11 
7112 
7113 

7/14 
8/15 
8/16 
8/17 
9118 
9119 
9120 
9/21 

n = 22 
13 

4/5 24 
5/6 25 
5f7 26 

618 27 
619 28 
7/10 29 
7/11 10 
7112 11 
8/13 32 

8/14 11 
8/15 14 
9116 35 
'lit 7 36 
9118 37 
9119 38 

10/20 39 
10121 .0 

Approximation 
for n > 40: 

ln2 
7/23 
7n4 
7125 
7126 

7127 
8128 
8/29 
8/30 
8/31 
8/32 

8/33 
8134 
8/35 
9/36 
9/37 
9/38 
9/39 
9/40 
1.52 
Vii 

8122 
8/23 
8124 
8125 
8126 

8127 
9128 
9129 
9/30 
9/31 
9/32 

9/33 
10134 
10/35 
10/36 
10137 
10138 
10139 
10140 
1.73 
Vii 

8122 
9/23 
9124 
9125 
9126 

9/27 
10128 
10/29 
10/30 
10/31 
10132 

11/33 
11134 
I IllS 
11136 
11137 
11/38 
11/39 
12140 
1.92 
Vii 

10122 
10123 
10124 
10125 
10/26 

11127 
11128 
11/29 
11/30 
11131 
12132 

12133 
12134 
12135 
12136 
13/37 
13/38 
13/39 
13/40 
2.15 
Vii 

10122 
10/23 
11124 
11125 
11126 

11127 
12128 
12129 
12130 
12131 
12132 

11/33 
13/34 
13/35 
13/36 
13/37 
14138 
14139 
14140 
2.30 
Vii 

SoURCE. Adapted from BIrnbaum and Han (1960). wid! permission from the Institute of Mathematical Statistics. 
'The entrle, In this table are.selected quantllu w, of the Smlrnoy two.sample test sutlstlc r defined by Equations 6.3.2 and 6.3.3 
for the one-tailed test and defined by Equation 6.3.1 for the two·talled test. Reject H. at the level a If r exceeds the 1 - a quan­
tile of r as glYen In this table. The test statistic Is a discrete random variable, so the exact level of significance may be leu than 
the apparent a IIsed In this tabl .. 

fl)' •
'I' :, 

.. 

TABLEA20 Quantile!; of the 5mb-nov Test Statistic for Two Samples of 
Different Size nand m" 

One-Sided Test: p =0.90 0.95 0.975 0.99 0.995
Two-Sided Test: fJ =0.80 0.90 0.95 0.99 0.99 

NI = I N,= 9 17/18 
10 9110 

NI =2 N, = 3 5/6 

" 3/4 
5 415 4/5 
6 
7 

5/6 
5f7 

5/6 
6f7 

8 
9 

314 
719 

7/8 
819 

7/8 
819 

10 7/10 4/5 9/10 
NI =1 N, = 4 

5 
6 
7 

314 
213 
213 
213 

3/4 
4/5 
213 
5/7 

4/5 
5/6 
6f7 6f7 

8 
9 

10 

5/8 
213 
3/5 

3/4 
2/3 
7/10 

3/4 
7/9 
415 

7/8 
819 
9110 

8/9 
9110 

NI =" 

NI =5 

12 
N, = 5 

6 
7 
8 
9 

10 
12 
16 

N, = 6 

7112 
3/5 
7112 

17128 
518 
519 

11120 
7112 
9/16 
3/5 

213 
3/4 
213 
5f7 
5/8 
213 

13120 
213 
5/8 
213 

3/4 

"'IS 
3/4 
3/4 
3/4 
314 
7110 
213 

11116 
213 

5/6 

"'IS 
5/6 
6f7 
718 
719 
4/5 
3/'" 
3/4 
516 

11/12 

5/6 
6f7 
718 
819 
4/5 
516 

13/16 
516 

7 
8 

417 
11/20 

23/35 
5/8 

5f7 
27/40 

29/35 
415 

6f7 
415 

9 
10 
15 
20 

519 
112 
8/15 
112 

3/5 
3/5 
3/5 

11/20 

31/45 
7110 
213 
315 

719 
7110 

II lIS 
7110 

4/5 
4/5 

11/15 
314 

NI :: 6 N,. = 7 
8 

23/42 
112 

417 
7112 

29/42 
213 

5f7 
314 

516 
314 

9 112 519 213 13118 719 
10 112 17/30 19130 7110 11115 
Il 
18 
24 

112 
"'19 

11124 

7112 
5/9 
112 

7112 
11/18 
7112 

213 
213 
518 

3/4 
13/18 
213 



TABLE A21 The t Distribution" 

Degrees of 
Freedom p = 0.6 0.7S 0.9 0.95 0.975 0.99 0.995 0.9975 0.999 0.9995 

I 	 0.325 1.000 3.078 6.314 12.706 31.811 63.657 J 27.32 318,3 636.62 
2 	 0.289 0.816 1.886 1.920 4.303 6.965 9.915 14.089 22.327ILE A20 (Continued) 	 31.598 
3 0.277 0.765 1.638 2.353 3.182 4.541 5.841 7.453 10.214 12.924 

,·Sided Test: p =0.90 0.95 0.975 0.99 0.995 4 0.271 0.141 1.533 2.132 2.776 3.747 4.604 5.598 7.173 8.610 
)·Sided Test: P = 0.80 0.90 0.95 0.99 0.99 

0.267 0.727 1.476 2.015 2.571 3.365 4.032 4.773 5.893 6.869 
6 	 0.265 0.718 1.440 1.943 2.447 3.143 3.707 4.317 5.208 5.9597 Nl = 8 27/56 33/56 5/8 41/56 314 
7 	 0.263 0.711 1.415 1.895 2.365 2.998 3.499 4.029 4.7859 31/63 519 40163 517 .017/63 	 5AOB 

517 	 8 0.262 0.706 1.397 1.860 2.306 2.896 3.355 3.833 4.501 5.04110 33170 39/70 13170 7110 
14 3r7 112 117 911.01 517 9 0.261 0.703 1.383 I.BB 2.262 2.821 3.250 3.690 4.297 4.781 

28 3/7 13128 15128 17128 '".01 10 0.260 0.700 1.372 1.812 2.228 2.764 3.169 3.581 4.144 4.587 
8 N1 =9 419 13124 518 2/3 3/4 II 0.260 0.697 1.363 1.796 2.201 2.718 3.106 3.497 4.025 4.437 

,. 10 19140 21/40 23/40 27/40 7110 12 	 0.259 0.695 1.356 1.782 2.179 2.681 3.055 3.428 3.930 4.318
2/312 11124 112 7112 518 	 Il 0.259 0.694 1.350 1.771 2.160 2.650 Hil2 3.372 3.852 4.221, SI8 16 7/16 1/2 9116 5/8 14 	 0.258 0.692 1.345 1.761 2.145 2.624 2.977 3.326 3.787 4.140

l2 13/32 7/16 112 9116 19/32 
15 	 0.258 0.691 1.341 1.753 2.131 2.602 2.947 3.286 3.733 4.073

9 Nl = 10 7/15 112 26145 2/3 311.015 
16 	 0.258 0.690 1.377 1.746 2.120 2.583 2.921 '3.252 3.686 4.01512 419 112 5/9 11118 2/3 
11 	 0.257 0.689 1.333 1.740 2.110 2.567 2.898 3.222 3.646 3.96515 19/15 22/45 8115 3/5 291.015 

11118 	 18 0.257 0.688 1.330 1.734 2.101 2.552 2.878 3.197 3.610 3.92218 7118 419 112 519 
l6 13/36 5/12 17/36 19/36 5" 19 0.257 0.688 1.328 1.729 2.093 2.539 2.861 3.174 3.579 3.883 

10 Nt = 	15 2/5 7/15 112 17/30 19130 20 0.257 0.687 1.325 1.725 2.086 2.528 2.845 3.153 3.552 3.850 
20 2/5 9120 1/2 11120 3/S 21 0.257 0.686 1.323 1.721 2.080 2.518 2.831 3.135 3.527 3.819 
40 7120 2/5 9/20 112 22 0.256 0.686 1.321 1.717 2.074 2508 2.819 1119 3.505 3.792 

12 N, = 15 23/60 9120 112 11120 7/12 2l 0.256 0.685 1.319 1.714 2.069 2.500 2.807 3.104 3.485 3.767 
16 318 7116 23/48 1312.01 7112 24 0.256 0.685 1.318 1.711 2.064 2.492 2.797 3.091 3.467 3.745 
18 13/36 5112 17/36 19/36 519 

25 0.256 0.684 1.316 1.708 2.060 lA85 2.787 3.078 3.450 3.725
20 11130 5112 7115 31/60 17/30 

26 0.256 0.684 1.315 1.706 2.056 20479 2.779 3.067. 3.435 3.707 
: 15 Nl = 20 7120 2/5 13/30 29/60 31/60 

27 0.256 0.684 1.314 1.703 2.052 2.473 2.771 l057 3.'121 3.690 
: 16 Nt = 20 27/80 31/80 17/.010 19140 .011180 28 0.256 0.683 1.313 1.701 2.048 1.467 2.763 3.047 3.'108 3.674 

19 0.256 0.683 1.311 1.699 2.045 2,462 2.756 3.038 3.396 3.659 
.. sample 

1.07Jm+n I.nJm+n 1.l6Jm+ n 1.52Jm+n 1.63Jm + n 30 0.256 0.683 1.310 1.697 2.042 2A57 2.750 3.030 3.385 3.646'oxlmatlon mn ' mn mn mn mn 
40 0.255 0.681 1.303 1.684 2.021 2.423 2.704 2.971 3.307 3.551 

::E.. Adapted from Massey (1952). with permission from the Institute of Mathematical Statistics. 60 0.254 0.679 1.296 1.671 2.000 2.390 2.660 2.915 3.232 3.460 

entries In thls table are selected quantlles wp of the Smlmoy test statistic T for two samples, defined 120 0.254 0.677 1.289 1.658 1.980 2.358 2.617 2.860 3.!6O 3.373 
QOuation. 6.3.1. 6.3.2. and 6.3.3. To enter the table let N, be the smaller sample me and let No. be the 	 0.253 0.674 1.282 1.645 1.960 2,326 2.576 2.807 3.090 3.291 

sample sme. Reject Ho at the level a If T exceeds w, _... given In this table. If nand m are not coy-
by this table. use the large sample approximation given at the end of the table. or consult exact tables SoURCE. Reprinted from Vol. I of Pearson and Hardey (1976). with permission from the Biomerriktl Truste.... 
nand Jennrlch. which appear In Harter and Owen (1970) for n. m :S 100. • The entries in this table are quantile. wp of the t distribution for various degrees of freedom. Quantiles w. for p < 0.5 may be 

computed from the equation 

Wp = -W'-fI 

Note that w.... 0 for all degrees of freedom. 
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