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ANSWER QUESTION ONE & ANY THREE QUESTIONS: 

For aU questions, dearly state the nlUlle ofthe test. the null «I aiJerlUlte hypotheses. the test 
statistics, the decision rule. the level of*ni{icllnce. the decision «I the conclusions. 

QUESTION ONE. 	 [20 + 20 marks ] 

The EPA wants to detennine whether temperature changes in the ocean's water caused by a 
nuclear power plant will have a significant effect on the animal life in the region. Recently 
hatched specimens ofa certain species offish are randomly divided into four groups. The groups 
are placed in separate simulated ocean environments that are identical in every way except for 
water temperature. Six months later, the specimens are weighed. The results (in ounces) are 
given in the following table. 

Weights of Specimens 

380p 420p 460p SOOp 

22 IS 14 17 
24 21 28 18 
16 26 21 13 
18 16 19 20 
19 25 24 21 

17 23 

a. 	 Do the data provide sufficient evidence to indicate that one (or more) of the temperatures 
tend(s) to produce larger weight increases than the other temperatures? Use a = O.OS. Also 
calculate the P-value. 

h. 	 Test again, using Mann-Whitney test to see whether the data indicate that the temperature of 
4~ tends to produce larger weight increases than 38Op. 

QUESTION TWO. 	 [10+ 10 marks] 

a. 	 An economist has been computing a monthly "prosperity index." For the last 24 months the 
values obtained are: 

123.6 121.0 124.1 123.4 125.7 129.0 126.8 127.1 127.3 126.7 124.8 12S.9 
124.7 125.9 125.6 126.0 125.7 123.3 127.7 129.0 128.2 127.9 127.8 127.1 

Do these figures indicate a trend in the prosperity index? Use 5% level of significance and 
calculate the P-value. 

b. 	 The ''maximum annual river stages" reported at a certain point each year for 16 years were 
(in feet): 

7.4 7.8 6.9 8.1 7.1 7.4 6.8 6.9 7.6 7.6 8.0 8.3 7.S 7.8 7.1 

Test that the median maximum annual river stage is no greater than 8.0 feet. Use 10% level 
ofsignificance and calculate the P-value. 
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QUESTION THREE. [20 marks] 

Cancer cells are injected into 15 laboratory mice to study the effectiveness of a proposed 
treatment. Six mice were given the cancer prevention treatment and the other nine were given a 
placebo (the control group). After several months the size of the tumors were measured in each 
animal. 

Size ofTumors 
Treatment 0.8 0.0 0.6 1.1 1.2 0.5 
Control 0.6 1.6 1.7 1.3 2.2 1.5 0.7 0.7 1.6 

Is the treatment effective in reducing the eventual size ofthe tumor? Use Smimov test. Also fmd 
the P-value. 

QUESTION FOUR. [20 marks] 

Dental researchers have developed a new material for preventing cavities, a plastic sealant, 
which is applied to the chewing surfaces of teeth. To determine whether the sealant is effective, 
it was applied in half of the teeth of each of twelve school-age children. After 5 years, the 
number of cavities in the sealant-coated teeth and untreated teeth were counted. The results are 
given in the following table: 

Child Sealant-coated Untreated 

1 3 3 
2 1 3 
3 0 2 
4 4 5 
5 I 0 
6 0 1 
7 1 5 
8 2 0 
9 1 6 

10 0 0 
11 0 3 
12 4 3 

Is there sufficient evidence to indicate that sealant-coated teeth. are less prone to cavities than are 
untreated teeth? Use a =0.05. Also calculate the P-value. 

QUESTION FIVE. ' [20 marks] 

A new worker is assigned to a machine that manufactures bolts. Each day a sample of bolts is 
examined and the percent defective is recorded. Do the following data indicate a significant 
improvement over time for that worker? 

Day Percent Day Percent 

1 6.1 8 4.5 
2 7.5 9 4.9 
3 7.7 10 4.6 
4 5.9 11 3.0 
5 5.2 12 4.0 
6 6.1 13 3.7 
7 5.3 

Use either Spearman's p test or Kendall's 't' test with a = 0.10. 



TABLE AI Nonnal DIstribution· 

SeIea.d ¥IIIues z..x.._-- -3:1190 :r..- ... -3.2905 Zuas'" -1.9600 ZuI '" -1.6449 
3:1190 r....... 3.2905 ZuIs ... 1.9600 ZuI -. 1.6449 , D.... D.DOI D.DD2 D.DDJ D.DD4 D.DOS DJID6 D.D07 I.DOI 

D.DO -1.0901 -l.878l -2..7478 -2..652.1 -2..575B -2.5121 -2..4573 -2..4089 -2..3656 
D.DI -2.320 -2.2904 -2.2571 -l.ll6l -2..1973 -2..1701 -2..1.... -2..1201 -2..0969 -l.G749 
D.D2 -2.0S17 -2.0315 -l.G141 -1.9954 -1.m4 -1.96DO -1.9431 -1.9l6II -1.9110 -1.8957 
D.D3 -\.8101 -1.8663 -1.11522 -1.8384 -1.11250 -\.8119 -1.7991 -1.7866 -1.7744 -1.7624 
II.D4 -1.7507 -1.73'1 -1.7279 -1.7"9 -1.7060 -1.6954 -1.6849 -1.67.g -1.6646 -1.6546 
D.oS -1.6+19 -1.6152 -1.62.51 -1.6164 -1.6072 -1.5982 -1.5893 -1.5805 -1.5718 -1.5631 
DM -1.55411 -1.5464 -1.5382 -I.5JOI -1.5220 -1.5/41 -1.5063 -1.4985 -1.4833-I.". 
D.l7 -I..gsa -1.4684 -1.4611 -1.4538 -1.4466 -1.4395 -1.4325 -1.42.55 -1.4117 -1.4118 
D.DI -1.«lS1 -1..39114 -1.J9I7 -1.J851 -1.J787 -1.J7ll -1..365B -1.3595 -I.JS32 -1.3469 
D.I9 -I.HOB -1.J346 -1.3285 -1.J215 -1.J165 -1.J106 -1.J0.f7 -1.2988 -1.29JO -1.lB73 
D.ID -1.281' -1.2759 -I.l7Ol -1.2646 -1.2591 -1.2536 -I.l4II1 -1.2426 -1.2372 -1.2319 
D.II -1.2265 -1.22.11 -\.2160 -1.2107 -I.105S -1.2004 -1.1952 -1.1901 -1.1850 -1.1800 
D.12 -1.1750 -1.1700 -1.1650 -1./601 -1.1552 -1.1503 -1.1455 -1.1407 -1.1359 -1.1311 
D.I:'I -1.1264 -1.1117 -1.1170 -1.1123 -1.1077 -1.1031 -1J1985 -/.G939 -IJlII93 -1.G84B 
D.l4 -IJIII03 -1.0758 -1.0714 -1.G669 -1.DQ5 -I.osII -1.G537 -1.G4H -1.G450 -1.G407 
D.lS -IJD64 -100m -1J1279 -IJI237 -1.0194 -1.0152 -1.0110 -1.G069 -I.GOl7 -0.99116 

D.I' -0.9945 -0.9904 -0.9863 -0.98ll -0.9782 -0.9741 -0.9701 -0.966.1 -0.9621 -0.9581 
0.17 -0.9542 -G.9502 -0.9463 -0.9424 -0.9385 -0.9346 -0.9307 -0.9269 -o.9l3O -0.9192

D." -0.9154 -0.911' -0.9078 -0.9040 -0.9OOl --GJI965 -0.8927 -0.8890 -oJIIID -0.1816 
D.1t -o.JI179 -0.8742. -0.8705 -11.8669 -0.803 -o.8S96 -0.8560 -o.85l4 -o.B4BII -0.1452 
D.2D -0.114" -0.1381 -0.8345 -0.8310 -G.IIl74 -o.8l39 -1l.I204 -G.B169 -0.1134 -oJI099 
1.21 -0.8064 -0.8030 -0.7995 -0.7961 -0..7926 -0.78n -O.785B -0.7824 -0.7790 -0.7756 
D.22 -0.7722 -0.7688 -0:1655 -0.7621 -0.75811 -0.7554 -0.7521 -o.74B11 -0.7454 -0.7411 
D.2:'I -0.7388 -0.7lS6 -0.7323 -0.7290 -0.7257 -0.7ll5 -0.7192 -0.7160 -0:1128 -0.7095 
D..24 -0J'06l -0.7031 -0.6999 -0.6967 -0.6935 -0.6903 -0.6B71 -0.6M0 -o.68OB -0.677' 

TABLE AI (Continued)' 

, D.DOII D.DDI D.D02 D.D03 0.004 D.l05 0.006 D.DD7 D.l01 D.l09 

0.25 -0.6745 -0.6713 -0.6682 -0.6651 -0.6620 -0.6588 -0.6557 -G.65l6 -0.6495 -0.6464 
0.2.6 -0.6433 -0.6403 -0.6372 -0.6341 -0.6311 -0.6280 -0.6250 -0.&219 -0.6189 -O."sa 
0.27 -0.6128 -0.60911 -0.6068 -0.6038 -0.6008 -0.5978 -8.5948 -0.5918 -0.5888 -0;5858 
0.21 -0.5828 -0.5799 -0.5769 -0.5740 -0.5710 -0.5681 -0.5651 -0.5622 -0.5592 -0.5563 
D.29 -0.5534 -0.5505 -G.547' -0.5446 -0.5417 -0.5388 -0.5359 -0.5330 -0.5302 -0.5273 
0.30 -0.5244 -o.5l15 -0.5187 -0.5158 -0.5119 -0.5101 -0.5072 -0.5044 -0.5015 -0.4987 
0.31 -0.4959 -0.4930 -0.4902 -0.4814 -0.4&45 -0.4117 -0.4789 -0. .g61 -0.4733 -0.4705 
D.ll -0.4677 -0.4649 -0.4621 -0.4593 -0.4565 -0.4538 -0.4510 -0.4482 -0,4454 -0.4427 
O.ll -0.04399 -0.43n -0.4344 -0.4316 -0.42B9 -0.4261 -0.4234 -0.4207 -0.4179 -0.04152 
0.34 -0.04125 -0.4097 -0.4070 -Q.4!M3 -0.4016 -0.l989 -0.3'161 -0.3~34 -0.3907 -Cl.3BBO 
O.l~ -0.3853 -0.3826 -0.379S" -0.3772 -0.3745 -0.371S' -0.3~S'2 -0.3665 -0.3638 -0.3611 
ll.3~ -0.3585 -0.~55!t -0.~53{ -0.3505 -0.3478 -0.~'45! -03425 -03398 -0.3371 -0,334.!'
n.lT -0.331" -O.32.~2 -0'::266 -O.~2:1'i -(·.nI3 -0.3 Ie.G -003160 -0313< -0.31(', -030E I
(i.n -0.30f5 -0.3027 -0.3:001- -O.2~7[' -O.iS·SCI -0.27"2'; -0.2£% -G.2B7l -0.2£-<:[ -0281<:0., ~ -0.l7S3 -0.270 -02,-':1 -0.2715 -0.:;'6£, -0.26£2 -0.1E~7 -0.2fll -0.25£5 -0.25;'-, 
0.1;0 -O.15?~ -0.250D -0.24£'2 -O.l'(S.£ -Q2'(3{. -0.2,<)0'(' -O.2m, -0.23$1 -0.1]-27 -0.23(\1 
1);.([ -0.2275 -0.2150 -o.m-; -0.2/9C -O.2tn -0.21,,7 -0.2121 -0.20% -0.2070 -02()4S 
M2. -0.2019 -O'!S";:S -0.1%8 -0.19,,2 -0.1~17 -0.1891 -0.186. -0.1640 -0.1815 -0./789 
C.43 -O.l76{ -0.1738 -0.1713 -0. 16B7 -0.1662 -0.1637 -0.1611 -0.1586 -0.1560 -0.1535 
0.1f4 -0.1510 -0.14&4 -0.I"I5t -0.1"134 -0.1"108 -0.1383 -0.1358 -0.1332 -0.1307 -0.1282 
0.45 -0.1257 -0.123' -0.1206 -0.1181 -o.t 156 -0.1130 -0.1105 -0.1080 -0.1055 -0.1030 
0.4' -0.1004 -0.G979 -0.0954 -OoOn9 -0.0904 -0.0878 -0.0853 -0.0828 -0.0803 -0.0778 
o.·n -0.0753 -o.ons -0.0702 -0.0&77 -0.0652 -0.0627 -0.0602 -0.0577 -0.0552 -0.0527 
0.48 -0.0502 -0.047' -0.G45' -0.G426 -0.0401 -0.0376 -0.0351 -0.0]26 -0.0301 -0.0276 
0.49 -0.D251 -0.02l6 -0.G201 -0.0175 -0.0150 -0.0125 -;0.0100 -0.0075 -o.ooso -O.oolS 
0.50 0.0000 0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.G201 0.02l6 
0.51 G.025I 0.027' 0.0301 0.0326 0.0351 0.0376 0.0401 0.0426 0.0451 0.0476 
0.51 0.0502 0.0527 0.0552 0.0577 0.D602 D.0627 0.0652 0.0677 0.0702 o.ons 
0.53 0.0753 0.0778 0.G801 0.DB2B 0.0853 0J)878 0.0904 0.0929 0.0954 0.G979 
0.s4 0.1004 0.1030 0.1055 0.1080 0.1105 0.1130 0.1156 0.1181 0.1206 0.1231 
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Tabla AI (Continued) , • .100 ....1 • .1102 LOD1 IUI04 ....s UN ...7 ..... I.ODt 

US 0.1257 0.1281 0.1307 D.lln 0.1358 0.1183 0.1_ 0.1.04 0.1459 0.1.... 
IL56 0.1510 0.1515 0.1560 0.1586 0.1611 0.1637 0.1662 0.1687 0.1711 0.1738 
U7 0.1764 0.1719 0.1815 0.1840 0.1~ 0.1891 0.1917 0.1941 0.1968 0.1993 
• .51 .,5, II.2DI9 

0.2275 
Q.2045 
o.nol 

D.207D 
o.m7 

D.1096 
G.l351 

1U121 
1U178 

0.2141 
1U404 

IUI73 
D.2GD 

lUI98 
G.l456 

1Ull4 
D.l48l 

D.l25D 
D.l5D8 

OM 0.2531 D.2S59 CI.l585 0.2£11 0.2637 D.266J G.l689 D.27IS D.2741 D.2767 
0.61 D.l793 G.lII9 0.2845 G.l871 D.2898 Cl.2.924 1U9SD D.l976 D.JDDl Cl3Dl9 
D.62 CU055 0.3081 CUID7 CUlM CUI60 CUI. G.1l13 CUll9 o.n66 D.l29l 
D.6J CU319 0.3:M5 cum o.D98 D.:M25 U451 0.:M78 CU5DS 0.lS11 CU558 
0.64 CU585 0.3611 0.3638 CU665 CU692 D.3719 CU745 cum CU799 0.38l6 
D.6S D.3IISl o.388D 0.39D7 G.19M 0.3961 CU989 0.4D16 0.4D43 0.4D7D 0.4D97 
1.66 0.4125 0.4152 0.4179 0.4lD7 0.4234 0.4261 0.4289 0.4316 D.4:M4 D.4171 
D.67 0.4399 0.+421 0.4454 0.4482 0.4510 0.45J8 D.4565 0.4593 0.4621 0.464' 
0.61 0.4677 0.47D5 0.41D 0.4161 0.4189 0.41/7 0.4845 0.4874 0.49D2 0.4'30 
D.6' 0.4959 0.4987 D.5015 G.5D+f 0.5D7l, 0.5101 0.5129 0.5158 0.5187 D..5l15 
0.70 1l.5244 D.5l7.J O.5JOl G.S13O 0.5359 0.5_ G.5417 G.5446 G.5416 G.55D5 
0.71 0.55M 0.556) 0.5592 0.562l 0.5651 0.5681 G.5710 G.574D G.5769 0.5799 
o.n G.5Il8 0.5858 0.5888 G.5918 0.5M1 0.5978 G.6DD8 G.6DJ8 D.6068 D.6098 
o.n Cl.6121 0.6158 0.6189 D.6l19 CI.625O D.6lIIO 0.6l11 0.6l41 G.6J71 G.64DI 
0.74 Cl.6433 0.6464 0.,6495 CI.6526 0.6557 0.6518 0.6621) Cl.6651 0.668l 0.6711 
US Cl.6745 0.6776 CI.68D8 D.684D Cl.6871 Cl.69D3 CI.6'35 Cl.6H7 Cl.6999 0.7031 
0.76 0.7D6J 0.7095 0.7128 0.7160 0.7192 0.7225 0.72.57 0n;D 0.7323 D.7l56 
0.77 0.7388 0.7421 0.7454 0.7_ 0.7521 D.7S54 0.75B8 0.7621 0.7655 0.7688 
••71 0.77l2 0.7756 0.779D 0.7824 0.7858 0.7892 D.1'n6 0.1961 0.7995 D.IIDJO 
0.7' 0.8064 1I.8D9' D.BIM 0.8169 II.82D4 0.8l3' 0.m4 0.8310 8.8345 D.8381 
0... 0.&416 0.&452 0.8488 D.8524 0.856D 0.8596 0.86l3 0.866' 0.870S D.8742 
D.81 
D.82 

0.8779 
0.9154 

0.8816 
0.9192 

0.8853 
0.92JO 

0.8890 
0.926' 

0.8927 
0.9307 

0.8965 
0.9346 

0.9002 
0.9)85 

0.9040 
0.9414 

0.9078 
0.9463 

0.91 " 
0.9502 

Table AI (Continued) 

,. I.DOt 0.111 • .G02 LOD1 O;IJ04 o.OOS 0.006 ••007 ..... 0...' 

0.83 0.9542 0.'581 0.962.1 0."'1 0.9701 0.974' 0.9782 0.9822 0.9861 0.9904 
D.84 0.9945 0.9986 1.D027 1.G069 1.0110 1.0152 1.olM 1.0237 1.0279 1.0322 
D.8S 1.0364 1.0407 1.0450 I..D4M 1.0537 1.GS81 1.0625 1.D66' 1.0714 1.0758 
0.86 l.GSa3 1.0848 1.0893 1.D939 1.0985 Ll031 1.1077 1.1123 1.1170 1.1217 
D.B1 1.1264 1.1311 1.1359 1.1407 1.1455 1.1503 1.1552 1.1601 1.1650 1.1700 
o.al'> 1.17SO I.IBOO I. U!S!} USIa! 1.1.,52 1.20(.14 1.2055 1.2107 1.2160 1.2112 
1.l.It.t 1.22!:.S 1.231, r.z:m 1.2426 1.2":,B I 1.253f 1.25~ [ [,26-'.6 [.2702 t..l75~ 
11.;'0 1.2816 1.2sn L2,~O L29se 13047 !.? 106 t2[6S 1.:3225 t.nes 1.3~~f 

~Sl 
Ii .....,'. ~ "'" 

U4:le 
[.'lD£ 1 

r~4::~ 

1.<11(· 
usn 
1.,{ltT 

1.:;5"5 
L<2!! 

I.;CS( 

1.4:2I 

1,,72.2 
f.~-?~[ 

l.En' 
1+<":.'; 

13t!":? 

1.452.£' 
f.?~rT 

IAGI r 
f.!.'~l~~ 

L.;W: 
[\Sl 1.4lSl:. [Aim I.<~l~ r.t~~C[ I.SC>':~· r.s [L, [ LS:::.2l· [.$$[;1 I£~E;:::' LHf.t; 
Mf. 1.5546 I.SG32 [.5:718 L5BOS L5!m l.r9'8:?' 1.6Q7:: 1.6161. 1£.25(; L£ZS2 
II.~·S: 

fl." 
I.~.i/~ 

1.7507 
1.6546 
1.7624 

1.6646 
I.TT+'l 

1.£747 
1.7866 

l.~~ 

L79~' 

1.695o<t 
1.&1l7 

1.7Cl6{J 

1.8250 
l.7[6~ 

tEl&{ 
1.7279 
1.8512 

Ln'i'l 
I.B6bl 

G.f1 1.880S 1.8957 1.91 III 1.9268 1.9431 1.9600 I.9n~ 1.9954 2.01·'" l.0335 
0.91 2.0537 2.0749 2.0969 2.1201 2.1+44 2.1701 2.1913 2.226l 2.2571 2.2904 
0.99 2.3263 2.3656 2.4D89 2.4573 2.5121 2.S758 2.6521 2.7478 2.8782 3.0902 

SouIIa. G...-d by R. L !man. Used wid! permission. 

• The III1tries In tills QbIe .... quandes z. mthe. mndanI narmaI random variable Z seIeo::utd so I'(Z :SO;:c,.) - " and /'(Z > z,,) - I -". N_ dial: the 
... m" to _ decimal places dewmInes whidl row to '- the third cIoc:imII place m" deIiormiruIs which calumn to use u> find z.. 



510 APPI!NDIX 
APPENDIX 511 

TABLEA2 Chl-5quarad Dlltrtbutlon· TABLEAl BinomIal DIstribution" 

fJ -1.751 1.911 1.951 1.975 ••990 ..,91 0.999 
II 'I fJ:= 0.05 1.10 O.IS 0.20 lI.n 0.10 0.35 0.40 0.-45 

11:-1 1.313 1.70& 3.1141 5.01 .. 6.635 7.179 10.83 
5.991 7.378 '.210 10,60 13.822 1.773 ".605 

3 ...108 6.151 7.815 9,3.. 8 1I.l.f Il..I4 16.27 .. 5.385 7.779 9.408 11.1" IU8 1".16 1....7 

5 6.626 U36 11.07 11.83 15.09 16.75 20.51 

6 7.1141 10.604 11.59 I .. A5 lUI IUS 12.046 

7 9.037 11.01 1".07 16.01 18.... 2UI 201 

8 10.12 13.16 15.51 17.51 20.09 21.9' 26.11 

9 11.39 1....68 16.92 19.01 21.67 23.59 17.88 

10 11.55 15.99 18.11 20.-48 lUI 25.19 29.59 

II 11.70 17.28 19.68 21.92 1".73 26.76 31.26 

11 1".85 18.55 11.03 23.3" l6.12 28.10 31.91 

13 15.98 19.81 21.36 2".7" 27.6' l'.8l 3".5l 

I ... 17.12 11.0& 13.68 26.12 19.1" 31.32 36.12 

15 18.25 2UI 25.00 27....9 3UI 3l.8O 37.70 

16 19.37 23.5.f 26.30 28.15 31.00 l.f.27 lUS 

17 10."9 1....77 27.59 30.19 33."1 35.72 ....79 

18 2UI 15.99 18.87 31.53 3".81 37." ..1.11 
30.... 31.85 36.19 38.58 "3.12J9 U72 17.20 

10 13.83 18...1 31."1 ].f.17 37.57 ....00 45.11 

11 1".93 29.61 32.67 35... 8 38.93 ..I.... ....,0 

21 16.0... 30.81 n.92 36.78 ....19 ..1.10 ....27 

13 17.1" 11.01 35.17 38.08 ..1.64 ...... 18 "'.73 

1'" 28.1" 33.20 36."2 39.37 "~98 ,,5.5, 51.18 

15 29.3'" 3-4.38 37.65 ....65 .....,31 ....'3 51.61 

38.89 ..1.92 .. 5 .... -41,29 5-4.0516 30... 3 15.56 
17 :n.53 36.7 .. "'.11 ...3.19 ...." ..U4 55..... 

11 31.61 37.92 .. I.l.f .........6 .f8.28 50.99 5U9 

19 33.71 39.09 ...1.56 45.n "9.59 5l.34 51.30 

30 l.f.80 ....26 "3.77 ...,,98 50.19 53,67 59.70 

-40 "5.61 51.81 55.76 59.]" 63.69 66.77 73.... 

50 56.33 63.17 67.50 71 •.fl 76.15 79."9 86.66 

60 66.98 7 ...... 79.08 83.30 88.38 9U5 'UI 

70 77.58 85.53 90.53 95.01 100... IOU 1Il.3 

80 88.13 ".58 101.9 IOU 111.3 116.3 11.... 

90 98.65 107.6 111.1 118.1 11...1 128.1 137.2 

100 109.1 118.5 11".3 119.6 135.8 1....2 1..9." 

0.675 1.282 1.6.f5 1.960 1.316 1.576 3.090 
:r,

for" > 100 u.. the...".........." ...  (I)(z, + v'2k=1)', or the mona  w, 
" (I -.!.+ .., ./l.)'. wi!-. .., II the wIua fram th. ftIIIIdarcIIud normal dlmllaudallllIhOMIln tit. 110_ 

'k 'k . 

1 

3 

.. 

5 

, 

7 

• 
0 
I 
2 

0 

1 
1 

0 
1 
1 
3 .. 
0 
I 
1 
3 
-4 
5 

0 
I 
1 
3 
-4 
5 
6 

0 
I 
1 
3 .. 
5, 
7 

0.9500 
1.0000 

0.9025 
0.9975 
1.0000 

o.a57.. 
0.9928 
0.9999 
1.0000 . 

0.81"5 
0.9860 
0.9995 
1.0000 
1.0000 

0.7738 

0.977" 
0.9988 
1.0000 
1.0000 
1.0000 

0.7351 
0.9672 
0.9978 
0.9999 
1.0000 
1.0000 
1.0000 
G.698] 
0.9556 
0.9961 
G.9998 
1.0000 
1.0000 
1.0000 
1.0000 

0.9000 
1.0000 
0.8100 
0.9900 
1.0000 

0.7290 
0.9720 
0.9990 
1.0000 

0.6561 

0.''''77 
0.9963 
0.9999 
1.0000 

0.5905 
UI85 
0.991'" 
0.9995 
1.0000 
1.0000 

0.5]1" 
0.8857 
G.9841 
0.9987 
0.9999 
1.0000 
1.0000 

0....783 
0.8503 
0.97"'3 
0.9973 
0.9998 
1.0000 
1.0000 
1.0000 

0.8500 
1.0000 

0.7225 
0.9775 
1.0000 

0.6141 
0.9392 
0.9966 
1.0000 

0.5220 
0.8905 
0.9880 
0.9995 
1.0000 

GA...37 
0.8352 
0.97)4 
0.9978 
0.9999 
1.0000 

0.1771 
0.776S 
0.9517 
0.99.. 1 
0.9996 
1.0000 
1.0000 

0.3106 
0.7166 
0.9262 
0.9879 
0.9988 
0.9999 
1.0000 
1.0000 

0.0000 
1.0000 
0.6400 
0.%00 
1.0001) 

0.5120 
0.9%0 
0.991.1) 
1.0000 

0.409<' 
0.819:'. 
0.971G 
0.991H 
1.0000 

0.32/7 
0.737) 
0.9~21 

0.993:1 
0.999/ 
1.0000 

0.1521 
0.£.55·1 
0.9011 
0.9830 
0.'.J9!l'1 
0.999') 
1.0000 

0.10,)7 
0.57£.1 
0.8520 
0.9667 
0.995) 
0.9'-)9.'; 
1.0000 
1.0000 

0]500 
1.0000 

O.5l.2S 

u.~j7S 

1.0000 

IH21'.1 
UJ1438 
tl.9!l44 
1.0000 

11.316"1 
0.1383 
IJ.')4'n 
U.9%1 

1.0000 

lJ.2~n 

o.•mil 
0.tl'lb5 
0.90+1 
0.9990 
1.0000 

o.17tiO 
0.5339 
O.B:J06 
O.962A 

0.995-'1 
0.9999 
1.0000 

0.1335 
U.,,:!"!!-4~) 

0.15';4 

0.92~·: 

u.9071 
0.996)' 

0.9999 
1.0000 

0.7000 
1.0000 

0.4900 
0.9100 
1.0000 

0.3"'30 
0.7840 
0.9730 
1.0000 

0.2"'01 
0.6517 
0.9163 
0.9919 
1.0000 

0.1681 
0.5282 
0.8369 
0.9692 
0.9976 
1.0000 

0.1176 
OA202 
0.7......3 
0.9295 
0.9891 
0.9993 
1.0000 

0.081'" 
0.3294 
0.6471 
0.87"0 
0.9712 
0.9962 
0.9998 
1.0000 

0.6500 
1.0000 

GA22S 
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 
M2S... 
0.7648 
0.9460 
0.9947 
1.0000 

0.0754 
0.1191 
0.6471 
0.8826 
0.9m 
0.9982 
1.0000 

0.0490 
0.2l38 
0.5111 
0.8002 
0.,........ 
0.9910 
0.9994 
1.0000 

0.6000 
1.0000 

0.3600 
0.8400 
1.0000 

0.2160 
0.6480 
0.9360 
1.0000 

0.1296 
0....752 
O.8lO8 
0.97..... 
1.0000 

0.0778 
0.3370 
0.6826 
0.9110 
0.9898 
1.0000 

0.0467 
0.21]1 
0.S.f4] 
0.8208 
0.9590 
0.9959 
1.0000 

0.0280 
0.1586 
0.4199 
0.7102 
0.9017 
0.9812 
0.9984 
1.0000 

0.5500 
1.0000 

0.3025 
0.7975 
1.0000 

0.1664 
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 

0.0177 
0.1636 
0....... 15 
0.7.....7 
0.9308 
0.9917 
1.0000 

0.0152 
0.1024 

0.1'''' 
0.6083 
0.8471 
0.9"'1 
0.9963 
1.0000 

of the ..... 
Sauo.a: Abr1dpd from TaIH a. Vol I or I'anaft and Har&hly (197'). with pennIuIon from tit. ~ 
T...-a. 
'1M .na1a In dill ....... qIIIIIdIa.!l of. c:hkquanIcI nndom -wu wwith k ..... of .....m.... 
\ecUI4 10 l'(W ,. w,) - " and I'(W > - I - fA. 
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TABLEAl (Continued) 

n , , - 0.50 UI 0.60 0.61 0.70 0.71 0.10 0.15 8.90 0.95 

19 

20 

0 0.0000 
I 0.0000 
2 0.0004 
3 0.0022 

" 0.Q096 
5 0.0318 
6 0.0835 
7 0.1796 
I 0.3238 
9 0.5000 

10 0.6761 
II 0.8104 
12 0.9165 
13 0.9682 
I" 0.9904 
15 Q.9978 
16 Q.9996 
17 1.0000 
II 1.0000 
19 1.0000 

0 0.0000 
I 0.0000 
2 0.0002 
3 0.0013 

"~5 0.010', '0.0577 
7 0.1316 
I D.l517 
9 0."119 

10 0.5881 
II 0.7483 
12 0.8684 
IJ 0.9123 
I" 0.9793 
15 0."41 
16 0.9987 
17 0.9998 
.1 1.0000 
19 1.0000 
20 1.0000 

0.0000 
0.0000 
0.0001 
0.0005 
0.0028 
0.0109 
0.0342 
0.0871 
0.1841 
0.3290 
0.5060 
0.6831 
0.81.13 
0.9lll 
Q.9no 
0.99ll 
0.9985 
0."98 
1.0000 
1.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0.0015 
0.0064 
0.Ql14 
0.0580 
0.1308 
q.l"93 
M086 
0.5857 
,0.7480 
'0.8701 
0.9447 
0.9811 
0.9951 
0.9991 
0.9999 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0001 
0.0006 
0.0031 
0.0116 
0.0352 
0.0885 
0.1861 
U315 
0.5112 
0.6919 
o.a371 
0.9304 
0.9770 
0.9945 
0.9991 
0.9999 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0.0016 
0.0065 
0.0210 
O.OS65 
0.1275 
0.2""7 
0.""'" 
0.5841 
0.7500 
0.87"" 
0.9190 
Q.9840 
0."64 
0."95 
1.0000 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0007 
0.0031 
0.0114 
0.0347 
0.0875 
G.l855 
Ul44 
o.sl88 
0.7031 
0.8500 
0.9409 
0.9830 
0.9969 
0.9997 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0.0015 
0.G060 
0.0196 
0.0531 
0.1218 
0.2376 
0.3990 
0.583" 
0.7546 
0.8818 
0.9556 
0.9879 
0.9979 
0.9998 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0006 
O.DOl8 
0.01 OS 
0.0326 
O.08J9 
0.1820 
U345 
o.5l6l 
0.7178 
0.8668 
Q.9538 
0.9896 
0.9989 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0.0013 
0.0051 
0.0171 
0.0480 
0.1133 
0.2277 
U9lO 
0.5836 
0.7625 
0.8929 
0.9645 
0.992" 
0.9992 
1.0000 

. 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0005 
0.0023 
0.0089 
0.0lI7 
0.0775 
0.17"9 
0.3lll 
0.5346 
0.7169 
o.a887 
0.9690 
0."58 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
O.oqoo 
0.0000 
0.0002 
0.0009 
0.0039 
0.0139 
0.0409 
0.1018 
0.2141 
U818 
0.5852 
0.7748 
0.9087 
0.9757 
0.9968 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0.0016 
0.0G67 
1.Oll3 
0.0676. 
0.1631 
U167 
0.5449 
0.7631 
0.9171· 
0.9856 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.G006 
0.00l6 
0.0100 
0.0321 
0.0867 
0.1958 
0.3704 
0.5_ 
0.7939 
0.9308 
0.9885 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
e.oooo 
0.0001 
O.oooa 
0.0G41 
0.0163 
o.OS37 
0.1'"" 
UI59 
o.s587 
0.8015 
0.9544 
1.0000 
0.0000 
0.0000· 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0013 
o.oos9 
0.0219 
0.0673 
0.1702 
U52l 
0.5951 

D.8l""
0.9612 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0.0017 
0.0086 
0.0352 
0.1 ISO 
G.l916 
0.5797 
0.1649 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0004 
0.002" 
0.0113 
0.0432 
0.1330 
U2l1 
0.6083 
0.8784 
1.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0020 
0.0131 
0.0665 
0.1"53 
0.6126 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0.0026 
0.0159 
0.0755 
0.2641 
0.6415 
1.0000 

• '( hit die bInomIII ~ wIIh pIII'IIMWlIlIW P. n.. ....... are die ...,... of PO' :IS " - l:J.a ('I) II (I - IIY". for II nne
... tram 0.05 10 0.95. 

for IIIarpr than llI. die IIh quIIIIIIa 'I of a bInomIII rudam vvIIiIII ilia)' be 'PP"ullIIIUM 1IIInI" - fiji + .. V IIjI(I - III. 

wtw. %, II die ,Ih quIIIIIIa of altllldard IIOrIIIII rudam varIa.bI., aIMaInad from T..... AI. 

http:varIa.bI


TABLE A7 Quantiles of the Mann-Whitney Test Statistic" 
13 I~ 15 16 17 18 19 20 

n 
10 II 	 12,. 	 m ~2 3 7 

33 3 3 3 	 3 3 3 3 3 3 
3 3 3LDOI 3 3 3 3 	

3 3 3 3 3 3 3 3 ~ ~ 
3 3 3 3 

LD05 3 3 3 3 	
~ ~ ~ 5 53 ~ 	 ~ ~ 

1.01 3 	 3 3 3 3 3 3 3 3 
5 5 5 5 5 6 6 6 6 

2 	 3 3 3 ~ ~ ~ 5 
D.OlS 3 	 7 7 8 85 5 	 6 6 
0.05 3 •.. ,,3)' 

3 
3 ~ ~ ~ 5 5 

7 7 8 8 
7 
8 9 

7 
9 10 10 II II 

8 

~ .. .5 5 	 5 6 6 
0.10 3 	 7 76 6 6 6 6 6 7 7 
0.1101 6 6 9 10 106 6 6 6 	 6 6 6 ·9 

6 7 7 7 8 8 8 9 	 9 
0.005 6 6 	 6 .. 6 6 

9 10 10 II II II 128 8 9 	 96 7 	 7 8
D.OI 6 6 	 6 6 

10 10 II II 12 12 13 13 I~ I~ 15 
3 	 8 8 9 9

D.OlS 6 6 	 6 7 
13 I~ 15 16 16 17 IB

12 	 12 I~9 10 II
0.05 6 7 7 8 9 	

I~ 15 16 17 17 18 19 20 21 II 
9 10 12 	 12 " 13 

0.10 7 8 8 
12 12 12 13 	 13 I~ I~ I~ " 10 10 II10 10 	 101.001 	 10 10 10 

I~ 15 16 16 17 17 IB 19 
10 10 II 12 12 13 " 13 " I~ 

0.005 10 10 	
I~ 15 16 16 17 18 18 19 20 20 21 

12 12 	 13 I~
D.OI 10 10 	 10 II " 

17 18 19 20 21 II II 23 2~ 15.. 	 I~ 15 15 16
O.OlS 10 10 	 II 12 13 26 27 28 2920 21 II 23 	 1516 17 18 1912 13 	 I~ 150.85 10 II 	 31 32 3l23 H 26 27 	 28 2918 20 21 II15 16 17 

17 17 18 18 19 19 20 21LID II 12 	 I~ 
21 II 23 	 23 

15 15 	 15 160.001 15 15 	 15 15 26 27 2B 29
20 21 II 23 	 23 H 

D.OOS 15 15 	 15 16 17 17 18 19 
27 2B 29 3D 31 3223 H 	 15 26 

D.OI 15 15 	 16 17 18 19 20 21 II 
27 28 29 3D 31 33 H 35 36 

23 lS~I II 2~17 18 	 19O.OlS 15 16 29 31 32 3~ 35 36 38 39 ~I 

O.OS 16 17 18 20 21 II 2~ lS 27 28 
~3 ~ ~6 

28 29 31 3l 	 H l6 38 39 ~I 
21 23 H 26 

lS 26 26 27 28 29 3D 31 32 33 HLID 17 18 20 
D.OOI 21 21 21 21 21 21 23 2~ 	

H 35 37 38 39 ~O19 31 	 32 3l15 26 27 28
1.005 21 21 	 II 23 2~ 38 ~O ~I ~2 ~ 

28 29 30 31 	 3l ~ 3S 37 , 0.01 21 21 23 H lS 26 	
~ ~6 ~7 ~936 38 39 ~I ~3 

LOlS 21 23 H 50 52 5~15 27 	 28 30 32 33 35 

30 32 ~ 36 38 39 ~I ~3 ~5 	 ~7 ~8 
LOS II 2~ 15 l7 19 	 q ~9 51 53 56 5B 60

~I 	 ~535 37 39 ~331 	 33 
30 31 32 ~ 

0.10 23 lS 	 27 29 
35 36 37 38 	 39 ~ ~2 ~3 ~ ~5 

0.1101 28 28 	 28 28 19 ~ 50 51 5339 ~I ~2 ~ 	 ~5 ~735 36 38
0.005 28 28 	 29 3D 32 3l 53 55 5743 ~5 ~6 ~ 	 50 5236 38 ~ ~I 


7 ~ 35 37 39 ~I ~3 ~5 47
0.01 28 29 3D 32 33 35 	
~9 51 53 55 57 59 61 63 

O.OlS 28 3D 32 	 57 59 62 64 66 68% ~8 so 53 	 55
35 37 ~O ~2 	 ~ 

0.05 19 31 	 33 62 65 67 70 72 75 
~2 ~5 ~7 50 	 52 55 57. 60 

LID 3D 33 	 35 37 ~ 
52 5~ 	 55 57 58% ~ ~ 51 

O.Dlt l6 36 l6 37 38 61 63 65 6739 ~I ~2 ~3 ~5 

~ % ~8 so 	 52 5~ SS 57 59 
38 39 ~I ~3 

~ so 52 5~ 56 59 63OMS l6 l6 	 61 65 67 69 71 
D.OI l6 37 39 ~I ~3 ~ % 	

63 66 68 71 73 75 78
8 	 ~5 ~7 so 52 M 56 59 61 

0.1lS 37 39 ~I ~3 	 70 73 76 78 81 ~ 57 60 63 65 	 68
~7 	 50 52 55 

53 59 610.15 38 ~ ~2 6 	 79 82 B5 BB 9164 67 70 73 	 76 
1.10 39 ~2 ~ ~7 50 ~ 

iIIIiM~~~~"""""~~""""·~-:-~·"'··-···--·.-.~.- ......... - ... _.' -.- ... -..•............... --•...... 


TABLE A7 (Continued) 

n , 3 .. , 7 8 10 II 12 13 I~ 15 16 17 18 19 20 

0.001 ~5 ~5 ~5 ~7 48 ~9 51 53 M 56 58 60 61 63 65 67 69 71 n 
0.005 ~5 % ~7 ~9 51 53 55 57 59 62 64 66 68 70 73 75 n 79 B2 
0.01 6 ~7 ~9 51 53 55 57 60 62 64 67 69 n 7~ n 79 82 ~ B6 
O.OlS % 48 so 53 56 58 61 63 66 69 n 7~ 77 80 83 B5 BB 91 94 
0.05 ~7 50 52 55 58 61 64 67 70 73 76 79 82 as 8B 91 91 97 100 
0.10 ~ 51 55 58 61 64 68 71 74 77 81 ~ 87 91 9~ 98 101 I~ lOB 
0.001 55 55 56 57 59 61 62 64 66 68 70 73 75 77 79 BI B3 85 BB 
o.oos 55 56 58 60 62 65 67 69 n 74 77 80 82 B5 87 90 93 95 98 

10 
0.81 
O.OlS 

SS 
56 

57 
59 

59 
61 

62 
64 

64 
67 

67 
70 

69 
73 

n 
76 

75 
79 

78 
82 

80 
as 

8l 
89 

86 
92 

89 
95 

92 
98 

91 
101 

97 
I~ 

100 
108 

103 
III 

0.05 57 60 63' 67 70 73 76 80 83 87 90 93 97 100 I~ 107 III II~ liB 
0.10 59 62 66 69 73 77 80 ~ BB 92 95· 99 103 107 110 II~ liB III 126 

0.001 66 66 67 69 71 73 75 77 79 82 ~ 87 89 91 9~ 96 99 101 I~ 
0.005 66 67 69 n 7~ 77 80 83 as BB 91 9~ 97 100 103 106 109 112 115 

II 
0.01 
0.025 

66 
67 

68 
70 

71 
73 

7~ 
76 

76 
BO 

79 
83 

82 
B6 

B5 
90 

89 
93 

92 
97 

95 
100 

9B 
I~ 

101 
107 

I~ 

III 
lOB 
114 

III 
liB 

114 
122 

117 
125 

120 
129 

0.05 6B n 75 79 83 86 90 9~ 98 101 IDS 109 113 117 121 124 128 132 136 
0.10 70 7~ 7B B2 86 90 9~ 9B 103 107 III .115 119 124 12B 132 136 I~O 115 

0.001 78 7B 79 81 B3 86 8B 91 93 96 9B 102 I~ 106 110 113 [ 16 liB 121 
0.005 7B BO B2 B5 BB 91 9~ 97 100 103 106 110 113 116 120 Il3 i}~ 130 /33 
0.01 7B BI Bi B7 90 93 96 100 103 107 110 IIi 117 121 125 12a 1:;2 135 139 
0.025 BO B3 B6 90 S3 ~7 101 IDS lOB 112 116 120 124 12B 132 136 1·10 1-.14 I1B 
0.05 81 ei BB S2 96 100 105 lOS III 117 121 126 130 134 139 1·:3 ,·n 151 156 
0.10 B3 87 91 S6 100 105 lOS II'. liS 123 12B 132 137 1~2 1-16 lSI 150 16-0 165 

C.GOI ~I SI S'3 95 97 100 103 106 109 112 115 liS 121 124 127 130 I j~~ 137 110 
O.OOS 91 93 95 99 102 105 109 112 116 119 123 126 130 134 137 141 '·!5 ,..9 152 

[J 
0.01 
0.025 

92 
93 

91 
96 

97 
100 

101 
I~ 

I~ 

lOB 
108 
112 . 

112 
116 

115 
120 

119 
115 

123 
129 

127 
133 

131 
137 

135 
1~2 

139 
116 

143 
151 

1.:/7 
155 

151 
159 

155 
16.. 

159 
I6B 

0.05 9~ 9B 102 107 III 116 120 115 129 13~ 139 1~3 I~B 153 157 162 167 172 176 
0.10 96 101 IDS 110 115 120 115 130 135 I~O 1~5 150 155 160 166 171 176 IBI IB6 

0.001 105 IDS 107 109 112 115 118 121 115 128 131 135 138 1~2 1~5 119 152 156 160 
0.005 105 . 107 110 113 117 121 IH 128 132 136 I~O I~ I~B 152 156 160 164 169 173 

I~ 
0.01 
0.025 

106 
107 

lOB 
III 

112 
115 

116 
119 

119 
123 

123. 
128 

128 
132 

132 
137 

136 
1~2 

I~O 

1% 
I~ 

151 
1~9 

156 
153 
161 

157 
165 

162 
170 

166 
175 

171 
IBO 

175 
I~ 

179 
IB9 

0.05 109 113 117 III 127 132 137 1~2 1~7 152 157 162 167 172 In IB3 IBB 193 198 
0.10 110 116 121 126 131 137 1~2 1~7 153 158 164 169 175 180 IB6 191 197 203 208 

0.001 120 120 III 115 128 133 135 138 1~2 1~5 1~9 153 157 161 164 I6B In 176 180 
0.005 120 123 126 129 133 137 I~I 1~5 150 1M 158 163 167 In 176 IBI IB5 190 194 

15 
0.01 
O.DlS 

121 
III 

12~ 
126 

128 
131 

132 
135 

,136 
I~ 

I~O 

1~5 

1~5 

150 
1~9 

155 
1M 
160 

158 
165 

163 
170 

168 
175 

172 
180 

177 
IB5 

182 
191 

IB7 
196 

191 
201 

196 
206 

201 
211 

0.15 12~ 128 133 139 I~ 1~9 1M 160 165 171 176 182 187 193 198 2~ 209 215 221 
0.10 126 131 137 1~3 1~8 15~ 160 166 172 178 I~ 189 195 201 207 213 219 ill 231 

0.001 136 136 139 1~2 1~5 I~B 152 156 160 164 168 In 176 180 185 189 193 197 202 
0.005 116 139 1~2 1~6 ISO ISS 159 164 168 173 178 182 187 192 197 202 207 211 216 

16 
0.01 
D.OlS 

137 
138 

I~ 
1~3 

I~ 
1~8 

149 
152 

153 
158 

158 
163 

163 
168 

168 
17~ 

173 
179 

178 
I~ 

183 
190 

IBB 
196 

193 
201 

198 
207 

203 
212 

20B 
218 

213 
223 

219 
ll9 

ll~ 

235 
0.05 I~ 16 151 156 162 167 173 179 las 191 197 202 20B 21~ llO 226 232 238 241 
0.10 142 148 1M 160 166 173 179 las 191 198 ~ 211 217 223 230 236 2~3 219 156 
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TABLE'A7 (Continued) 

• ,. ... 2 J 4 S , 7 • 9 II II 12 IJ '4 IS ., 17 II 19 2G ...., 
UK 

153 
153 

154 
156 

156 
160 

159 
164 

163 
169 I"I7l 

171 
1711 

175 
lID 

I" 
188 

lID 
191 

188 
191 

192 
28l 

197 
lDII 

201 ' 
214 

206 
219 

111 
224 

115 
229 

:uo 
ll5 

,224 
240 

17 

.8 

U' 
1.12S
l.as 
Lli...., 
II.IIIIS 
U' 
8.I2S 
US 

154 
156 
157 
160 
171 
171 
In 
174 
176 

158 
160 
'63
"to 
172 
174 
116 
I" 
III 

III 
165 
169 
In 
175 
178 
III 
11M 
188 

167 
171 
174 
I" 
178 
IU 
186 
190 
194 

I7l 
176 
lOG 
185 
III 
188 
191 
I" 
200 

177 
III 
117 
192 
1116 
193 
I" 
202 
lD7 

III 
188 
191 
199 
190 
191 
202 
lDII 
211 

117 
193 
199 
2D6 
195 
28l 
lDII 
214 
:uo 

192 
199 
205 
212 
199 
lQ9 
211 
:uo 
217 

191 
205 
211 
219 
21)4 

114 
219 
227 
ll3 

28l 
1II 
218 
226 
lQ9 
219 
:as 
ll3 
240 

lQ9 
217 
n4 
III 
214 
:as 
III 
ll9 
247 

214 
m 
III 
219 
118 
llO 
ll7 
146 
2S4 

:uo 
2lf 
ll7 
146 
m 
ll6 
242 
152 
260 

:as 
ll5 
143 
153 
218 
142 
248 
lSI 
167 

III 
141 
150 
260 

III 
241 
154 
165 
274 

236 
147 
156 
167 
llB 
153 
160 
171 
181 

241 
153 
2U 
174 
243 
15' 
166 
278 
l8B 

247 
159 
169 
181 
248 
264 
272 
lIM 
295 

1.11 ...., 
II.IIIIS 

178 
190 
191 

185 
191 
194 

192 
194 
191 

199 
191 
28l 

2D6 
2112 
lDII 

213 
206 
211 

:uo 
211 
219 

217 

21' 
224 

134 
:uo 
230 

141 
:as 
ll6 

2M 
III 
l4l 

256 
236 
248 

26l 
141 
2S4 

170 
146 
260 

178 
151 
165 

185 
157 
272 

292 
162 
278 

JOD 
168 
lIM 

307 
273 
290 

19 UI 
D.I2S 

192 
191 

195 
191, 

2DO 
21)4 

2D6 
210 

211 
216 

217 
m 

m 
m 

2lf 
236 

ll5 
l4J 

l4l 
249 

247 
256 

2S4 
26l 

160 
169 

166 
276 

m 
181 

279 
290 

185 
'297 

292 
304 

29B 
310 

US 195 201 lDII 214 221 218 llS l4l 249 256 26l 271 178 l8S 19l JOD 307 314 321 
1.'1 191 lOS 212 219 117 134 l4l 2M 257 264 272 218 218 29S 303 311 319 326 334 
....I 210 211 214 218 m 227 ll2 231 141 148 151 15' 165 270 176 181 187 293 299 
....S 1II 114 219 ll4 2lf 215 141 247 l5J 159 165 271 178 lIM 290 297 303 310 316 

]II 
...1 
D.I2S 

212 
211 

216 
2" 

221 
:as 

217 
III 

III 
118 

lJ9 
14S 

14S 
151 

151 
lS9 

258 
166 

264 
173 

271 
218 

278 
187 

lIM 
194 

291 
301 

198 
309 

304 
316 

311 
3ll 

318 
330 

315 
338 

US 215 m 2lf 216 143 l5G lSI 165 273 180 l8B 295 301 311 31B 316 334 341 349 
0.11 118 226, m 141 2M 157 l6S m 181 219 297 305 313 JlI 330 338 346 354 162 

For II or m If'I'IId*" than 20. die """ .........., oldie Hann-Whitney _ SGIIisdc: may be lIfIPIo:lIIl11l1ted by 

w,-II{N+ 1)I2+r.Vnm(N+ 1)/12 

where r. Is die """ quanIlIe ol. standIInI IlOI'1'IaI nndom variable. obIaIned from Table A.I. IOd where N - m + /I. 
•The ....tries In this tIbIe .... quanti" w, ddle Mann-Whitney _ stadstIc T..... by Equation 5.1.1. for eIecmd values ol p. Note that P(T < w,) :s; p, Upper quaIl

, dies may be found from die equadon 

w, = II{II + m +1) - w'-o 

CritIcal f'fIIIons COITeSpOIId IX> vaJues ol T less than (or creater than) but not equal to die appropriate quam:IIe. 
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541 APPENDIX APPENDIX 54 

TABLE AIO Quantile, of Spearman's Ii' 

n p =0.900 0.950 0.975 

4 o.aOOO 0.8000 
5 0.7000 0.8000 0.9000 
6 0.6000 0.7714 0.8286 
7 0.5357 0.6786 0.7500 
8 0.5000 0.6190 0.7143 
9 0.4667 0.5833 0.6833 

10 0.4424 0.5515 0.6364 
II 0.4182 0.5273 0.6091 
11 0.3986 0.4965 0.5804 
13 0.3791 0.4780 0.5549 

"14 0.3626 0.4593 0.5341 
IS 0.3500 0.4429 0.5179 
16 0.3382 0.4265 0.5000 
17 0.3260 0.4118 0.4853 
18 0.3148 0.3994 0.4696 
19 0.3070 0.3895 0.4579 
10 0.2977 0.3789 0.445 I 
11 0.2909 0.3688 0.4351 
11 0.2829 0.3597 0.4241 
13 0.2767 0.l518 0.... ,50 
14 0.2704 0.3"'35 0 • .0f061 
15 0.2646 0.3362 0.3977 
16 0.2588 0.3299 0.3894 
17 0.25.ofO 0.3236 0.3822 
18 0.1490 0.3175 0.3749 
19 0.2443 0.3113 0.3685 
30 0.1<400 0.3059 0.3620 

0.990 

0.9000 
0.8857 
0.8571 
0.8095 
0.7667 
0.7333 
0.7000 
0.6713 
0.6429 
0.6220 
0.6000 
0.5794 
0.5637 
0.5.0f80 
0.5333 
0.5203 
0.5078 
0.4963 
0.4852 
0....748 
0.4654 
0.4564 
0.4481 
0.-4401 
0.4320 
0.4251 

0.995 

0.9429 
0.8919 
0.8571 
0.8167 
0.7818 
0.7455 
0.n03 
0.6978 
0.6747 
0.6500 
0.6324 
0.6152 
0.5975 
0.5825 
0.5684 
0.5545 
0.5426 
0.5306 
0.5200 
0.5100 
0.5002 
0....915 
0.4828 
0.4744 
0.4665 

0.999 

0.9643 
0.9286 
0.9000 
0.8667 
0.8364 
0.8112 
0.7857 
0.7670 
0.7464 
0.7265 
0.7083 
0.69O.of 
0.6737 
0.6586 
0;6455 
0.6318 
0.6186 
0.6070 
0.5962 
0.5856 
0.5757 
0.5660 
0.5567 
0.5479 

. For A va.tor than 30 die ippl"OXIrnace quandlu of p may be obcalned from 

z 
w,.~A-I 

where Z, Is die jI!:h quantile of. sandard nonnaI random 'IIU1IbIe obcalned from Table A I. 
SouRCE Adapted from Grauer and Winter ("'I). with correcdonl. wkh pi1m1lulon from die 8/omeIrIkQ 
TI'UlteeI. 
• The entriu In dlis lable are selected quandles W, of die Spunnan r:ank correlation coefIIclent p when Uled 
as a test statistic. The lower quantile. may be obtained from die equation 

W. D -WI..., 

The critical recton corresponds to v.luu of p lmaller dian (or vaater dian) but not Including dleappro
prlate quantile. Note that die median of p Is O. 

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

n p =0.900 0.950 0.975 0.990 0.995 

" 5 
6 
7 
8 
9 

4 (0.6667) 
6 (0.6000) 
7 (0.4667) 
9 (0.4286) 

10 (0.3571) 
12 (0.3333) 

4 (0.6667) 
6 (0.6000) 
9 (0.6000) 

II (0.5238) 
14 (0.5000) 
16 (OA444) 

6 (1.0000) 
8 (0.8000) 

II (0.7333) 
13 (0.6190) 
16 (0.5714) 
18 (0.5000) 

6 (1.0000) 
8 (0.8000) 

II (0.7333) 
IS (0.7143) 
18 (0.6429) 
22 (0.6111) 

6 (1.0000) 
10 (1.0000) 
13 (0.8667) 
17 (0.8095) 
20 (0.7143) 
2... (0.6667) 

10 
II 
11 
13 
14 
IS 

15 (0.3333) 
17 (0.3091) 
18 (0.2n7) 
22 (0.2821) 
23 (0.2527) 
27 (0.2571) 

19 (M222) 
21 (0.3818) 
24 (0.3636) 
26 (0.3333) 
31 (0.3407) 
33 (0.3143) 

21 (0.4667) 
25 (0.4545) 
28 (0.4242) 
32 (OAI03) 
35 (0.3846) 
39 (0.3714) 

25 (0.5556) 
29 (0.5273) 
34 (0.5152) 
38 (0.4872) 
41 (M505) 
47 (0.+176) 

27 (0.6000) 
31 (0.5636) 
36 (0.5455) 
42 (0.5285) 
45 (0.4945) 
51 (0.4857) 

16 
17 
18 
19 
10 

28 (0.2333) 
32 (0.2353~ 
35 (0.2288 
37 (0.2164) 
...0 (0.2105) 

36 (0.3000) 
40 (0.2941) 
43 (0.2810) 
47 (0.2749) 
SO (0.2632) 

+I (0.3667) 
48 (0.3529) 
51 (0.3333) 
55 (0.l216) 
60 (0.3158) 

SO (0.4167) 
56 (OAI18) 
61 (0.3987) 
65 (0.3801) 
70 (0.3684) 

56 (0.4667) 
62 (0.4559) 
67 (0.4379) 
73 (0.4269) 
78 (0.4105) 

11 
11 
13 
14 
15 

42 (0.2000) 
45 (0.1'48) 
49 (0."37) 
52 (0.1884) 
56 (0.1867) 

54 (0.2571) 
5' (0.2554) 
63 (0.24'0) 
66 (0.2391) 
70 (0.2333) 

64 (0.3048) 
6'J (0.2'87) 
73 (0.2885) 
78 (0.2826) 
84 (0.2800) 

76 (0.3619) 
81 (0.3506) 
87 (0.3439) 
92 (0.3333) 
98 (0.3267) 

84 (0.4000) 
89 (0.3853) 
97 (0.3834) 

102 (0.3696) 
108 (0.3600) 

16 59 (0.1815) 75 (0.2308) 8' (0.2738) IOS (0.3231) fIS (0.3538) 
17 61 (0.1738) 79 (0.2251) '3 (0.2650) III (0.3162) 123 (0.3504) 
18 
19 
lO 

66 (0.1746~
68 (0.1675 
73 (0.1678) 

84 (0.2222) 
88 (0.2167) 
93 (0.2138) 

'8 (0.2593) 
104 (0.2562) 
109 (0.2506) 

116 (0.3069) 
124 (0.3054) 
129 (0.2966) 

118 (0.3386) 
136 (0.3350) 
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 (0.24 ") 142 (0.2863) 158 (0.3185) 
33 84 (0.1591) 106 (0.2008) 126 (0.2386) ISO (0.2841) 164 (0.3106) 
34 
35 

87 (0.1551) 
91 (0.1529) 

III (0.1'7') 
115 (0. "33) 

131 (0.2335) 
137 (0.2303) 

ISS (0.2763) 
163 (0.2739) 

173 (0.3084) 
179 (0.3008) 

36 
37 

'" (0.1492)
98 (0.1471) 

120 (0.1905) 
126 (0.1892) 

1+1 (0.2286) 
ISO (0.2252) 

170 (0.2698) 
176 (0.2643) 

188 (0.2984) 
"8 (0.2943) 
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rABLlAl1 (Contfnued) 

n - 0.900 0.910 0.971 ..990 0.991 

II 103 (0.1-445) III (0.11163) 155 (0.2205) 183 (0.2603) 203 (0.1888) 
19 
10 

107 (0.1......, 
110 (0.1371) 

137 (0.1"'9) 
1-41 (0.1811) 

III (0.1171) 
161 (0.115-4) 

191 (0.1578) 
191 (0.l518) 

111 (0.11-48) 
110 (O.l81I) 

II 
11 
Il 

II" (0.1190) 
119 (0.1381) 
III (0.1361) 

I'" (0.1710) 
151 (0.175-4) 
157 (0.1739) 

17" (0.1111) 
181 (0.1101) 
187 (0.1071) 

106 (0.1511) 
113 (0.1-47,,) 
nl (0.1....7) 

118 (0.1780) 
ll5 (0.2719) 
1-45 (0.1711) 

I .. 
II 

118 (0.1153) 
III (O.IUl) 

161 (0.1711) 
168 (0.1697) 

IH (O.1OSI) 
100 (0.2020) 

118 (0.1"10) 
ll6 (0.lJ83) 

151 (0.166-4) 
161 (O.l6<t6) 

16 
17 
II 

115 (0.130-4) 
1"1 (0.1lH) 
I .... (0.1177) 

173 (0.1671) 
179 (0.1656) 
186 (0.16-49) 

107 (0.1000) 
211 (0.1970) 
110 (0.1950) 

1-45 (0.1367) 
151 (0.2340) 
16O(O.lJ05) 

171 (0.1618) 
179 (0.1581) 
188 (O.l551) 

19 
10 

150 (0.1176) 
151 (0.11.f9) 

190 (0.1616) 
197 (0.1608) 

118 (0.1919) 
111 (0.1901) 

161(0.1279) 
171 (0.n6I) 

1" (0.l517) 
lOS (0.1"90) 

II 159 (0.11"7) 103 (0.1591) 141 (0.1890) 185 (0.lll5) liS (0.1-471) 
i1 
13 

161 (0.1111) 
168 (0.1119) 

101 (0.1569) 
11.. (0.1551) 

1.f8 (0.1870) 
156 (0.1158) 

1H (o.nl7) 
10l (o.ll91) 

ll" (U....l) 
13-4 (0.1"14)' 

I .. 
il 

I7l (0.1109) 
177 (0.1191) 

nl~I""')
117 0.1519) 

163 (0.1838) 
169 (0.1811) 

111 (0.1173) 
119 (O.11.f8) 

3-41 (0.1397) 
151 (O.lJ77) 

II 
i7 
II 
19 
il 

181 (0.1181) 
186 (0.1165) 
191 (0.1155) 
197 (0.1151) 
101 (0.11"1) 

lJ1(0.1506) 
1-40 (0.150-4) 
1"5 (0.1-481) 
151 (0.1"67) 
151 (0.1"58) 

176 (0.1791) 
11-4 (0.1719) 
191 (0.1760) 
199 (0.17"8) 
106 (0.1719) 

118 (0.1130) 
336 (0.1 IOS) 
3-45(O.lO87) 
155 (0.1075) 
16-4 (O.lO56) 

161 (0.1151)
:m (0.1311) 
181 (O.llO5) 
191 (0.1185) 
"01 (0.2171) 

'or II area- .... 6O•."roteimIaI quandIu of r...., be obt:alned from 

• 1111- 1)(1n + 5)
W, Z, II 

....~ II from _1IIIIdIrd IICIfTIIaI dIIa1bIIdon &f'Hn by Table -AI. ApproldmUa qLIII1l11u of .. ...., b, 
>ba from 

• Vl(1n+5) 
Wp ., 3'1111(: - I) 

:rIcIaI ....... ccm....d to ¥IIuu of r.....- .... (or .... dIut) but: -1ncIudIrtI duI approprlllta 

(IIIIIIIIIII. Nog ttta •• IIItIdIuI of r II O. QuwIIu for .. .,. obIaJn,d IIr dMdI"._ .......... of r by 

III - 1)/1. 

CIUKL AcIIpced from Tabl, I. But (197-4), wid! pwrnInIon from lhellllflor. 

TABLE All Quantll.. o( the WIlco)(ol\ ~12"1i;.JI ~;M.tw IIcrolt Statistic 

n(.. + I) 
W.... wu. Wuu w..~ """.U.I \-.tU:~u ttfalQ w,.•• WI... 1 ..... 0 0 0 0 ~ 3 5 10 ,I 0 0 0 -, 5 "6 75 15 

1 0 0 I l .; B 9 10.5 11 
7 0 1 3 .1/ ,.:. :' 11 14 28 
I I 2 (, ,~ "14 16 18 36-, 

9 1 "6 9 II i~ 18 20 225 "5 
10 .. "6 9 II b II 15 175 55Il~ 

II 6 8 II 14 I':' ~_J 27 3D 13 66 
11 8 10 I" III ~'~ '~L 31 36 39 78 
13 10 , 11 18 21 '.!.:, "j; 38 "1 "55 91 
I" 11 16 n 26 :;~ 'J") 44 48 52,5 105 
IS 16 10 16 31 :..': _~\,I: 51 55 60 110 
16 10 1" 10 36 ~~ j !; I 511 63 68 136 
17 1" 18 l5 42 ~;'.. 65 71 76.5 153 
II 18 13 'II ...0 ~:~ 73 80 85.5 171 
19 33 18 -47 54 ...':J "/-: III 89 95 190 
10 38 .... 51 61 ~/U 91 98 105 110~.I 

11 .... 50 59 6B it; ··1 100 108 1155 131 
21 "9 56 67 7t:. L:-> 1Ut; 110 119 116.1 151 
U 55 61 84 ~IS lit! 1:20 130 138 1767" 
1 .. 61 70 81 91 lOS i:.'u 131 1"1 150 100 
11 71 90 101 iI-! ~ ;; I 143 153 1615 lIS 
11 "76 85 99 III I:!:' I~:~ 155 165 175.5 351 
17 ... H 108 110 I;;S f ~:-l 167 178 189 378 
21 91 101 117 131 I-:t, ~c.; 180 192 203 -406 
29 101 III 127 1"1 150 IIII 193 106 117.5 ..35 
30 110 III 118 15:2 170 1:11 :207 220 211.5 .f65 
31. 1/9 III 1"8 16-4 1112 :lO~ 211 135 1"8 
II 119 1.. 1 160 176 19$ 236 150 16-4 "":':1') 528 
II 119 151 171 188 201l 133 :2SI 266 180.5 561 
3<4 1<49 163 183 101 ::n1 :!-itl 166 182 1975 595 
JS 160 175 196 214 236 :!~) 193 299 115 610 
36 In 187 109 228 ~Sl 17~J :299 317 11l 666 
37 I... 199 111 1:41 26t 295 316 115 351.5 701 
38 196 111 116 257 101 3D 33-4 353 170.5 7'" 
39 108 ll5 150 271 1'.>0 ::12') 352 171 390 780 ... 111 U9 165 2B7 lH j.ji 371 391 "10 810 
.. I ll5 15] 180 303 331 )'::5 390 .. II "10.5 861 
.. 1 1.f8 167 195 320 349 J84 109 "31 "515 901 

\. 
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TABLE An (Continued) TABLE All Quantllel of the i:(olmogoi'<l>v 'u"''''~ S~",i:i$tk· 

n(n + I) One-Sided Tut 

W..... WUI Wuu W.... W.... Wue Wua W... WUI 1 
 ,..0.90 0.95 0.975 0.99 O.. ~)":'t~; /I = 0.90 0.95 0.975 0.99 0.995 

Two-S'ded Tnt..] 26l 281 311 ]l7 366 403 -419 -451 -473 H6 
 ,. - 0.10 0.90 0.95 0.98 1l.':J'J i' = 0.80 0.90 0.95 0.98 0.99 

0404 277 297 328 l5-4 385 o4ll 0450 047] 495 990 


nal 0.900 0.950 0.975 0.990 0.99~ ;, 21 0.226 0.259 0.287 0.l21 0.1.....
-4. 191 III 3..... 371 403 .....1 -471 -495 517.5 1035 

2 0.6'" 0.776 0....2 0.900 0.929 :!:! 0.221 0.2Sl 0.111 0.11-4 0.337046 308 329 361 390 -423 -463 -491 517 5-4o.s 1081 
 3 0.565 0.708 0.785 0.029 :.!~ 0.216 0.147 0.275 0.l07 O.llO0.63:-47 31-4 379 -408 -4-41 ...... 51-4 540 564 1111
3...' -4 0.-493 0.56 0.62-4 0.689 0.734 ~.j 0.212 0.2"'2 0.269 0.301 O.lll
... ]40 363 397 -411 -46l 50S 5:J6 563 58S 1176 
 5 0......7 0.509 0.563 0.627 0.66~ 2~ 0.208 0.2l8 0.264 0.295 0.317 


049 357 381 -4" .....7 -483 517 559 517 "2.5 1215 
 6 0.... 10 0.-468 0.519 0.577 0.61Y :!L 0.204 0.233 0.259 0.290 0.1.-1 

so 37... 398 "']5 -467 50-4 550 583 611 6l7.5 1275 
 7 U81 0....36 0.0483 0.538 0.5,(. ".!.'j 0.200 0.229 0.25" 0.28" 0.l05 

8 U58 0.0410 0....5 .. 0.507 0.5'1:; 'lll 0.197 0.225 0.250 0.279 0.300 
For III!!J!r than 50, the jIIh ..... W, aI chi WIIcolcon IIped nnkI_1IIIdItIc may be ~d by w, - [n(Il + 1)1"] + 9 0.339 0.387 0.0430 0.480 O.51j '!'j 0.193 0.221 0.246 G.275 0.295 
~v'n(1I + I)(ln + 1)/1", wheN ~ II the jIIh qtandle of ellandlrd 1lOI'111II nndam YII1IIIIe, ob.....d from Table AI. 10 0.323 0.369 0.409 0.157 OAIl'.! 11..: 0.190 0.21B 0.2"2 0.270 0.290 
Souaa!. Adapwd from Han ... IIId Ow... (1970). wIch permIuIon from the AmU'lan HuhMWdaJ Sadlt)'. II Q.308 0.352 0.391 0.437 OA6fJ :;1 0.187 0.2104 0.238 0.266 0.2B5 
'Thl emrIl.1n dill abI..... qlll/ltllas w'st the WIlcoxon liped nnkI_1I.1IdRIc 1"', ...,. by Equadon 5.7.3, for 1IIMud ....... 12 0.296 0.3l8 0.l75 0.119 0.44~J J2: 0.184 0.211 0.234 0.262 0.111 
.... af,. .. 0.50. Quandlll MI, far ,. > 0. -r be campuud from chi ....  13 0.285 o.l25 O.l61 0.404 0.-13:£ :.J:;; 0.182 0.208 0.231 G.258 0.277 

0.275 0.31-4 0.349 0.390 O.'lIU .J.~ 0.179 0.205 0.227 0.25-4 0.273I"W, - n(1I +1 )/1- w..., 
IS 0.266 0.30-4 0.338 0.377 0.104 j!j 0.177 0.202 o.n-4 0.251 0.269 

wlMrtI n(II + 1)Ilia tJvIIIln chi rI&hc hind column In chi able. No. chic I'(T" < w,) :s ,. IIId 1'(1'* > MI, ) .. I - ,. II He Ia 16 0.258 0.295 0.l27 0.366 0.392 :.:ib 0.174 0.199 0.221 0.2047 0.265 
...... CrIdcaI .... carrupond to wkIIII of 1'" Iua chili (or.......,. than) bin: not IndudInI tM IlJlllroprlacl quandIe. 17 0.250 0.286 O.lIB 0.355 O.JIlI :J)' o.ln 0.196 0.2\8 0.2..... 0.262 

'I G.2..... 0.279 0.l09 0.346 0.371 ::;.; 0.170 0.194 0.215 0.2"" 0,258 
19 0.237 0.271 0.301 0.337 0.361 j~ 0.168 0.191 0.213 0.238 0.255 
20 	 0.232 0.265 0.2904 0.329 0.352 ~~tJ 0.165 0.IB9 0.210 0.235 0.252 

Appl'oltl....."tlo" 1.07 1.22 1.36 1.52 1.63 
fOl'n > 40 Va Va Va Va Va 

SauIlCll. Adapted from Tobia I of HIIIu (1956). Used with penni"i"" 01 dl. American Statistical Aasocladon. 

'Th. IIIIUIU In dill abI, ......I_d "IuantII.. Wi 01 th. Kolmogorov cast olad"l,s T. T', and T- u defined by Equldon 6.1.1 for 

-.IdId l:II .... llld by equ.dan. 6.I.llnd 6.1.3 for ane-slded (0,.., Reject H.., Ill. leval '" II T 100:..... thl I - /II qlllllCll.

&Iwn In dill t:abII. Thlle IjUlUldIu .... _ for n :5 40 In the ,wo-tall.d t.st. The olller qUlntlle. are approximation. chot are 
equal totMlIICICl qllllllhs In molt cue•. A bitter approximation tor" > 40 rHula If In + v'ii7iii)'11 Ia.llled InIcwI af V;; In 
chi dlllOllllnator. 
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TABLE AlO Quantlles of the Smirnov Test Statistic for Two Samples of 

TABLE AI9 Quantlles of the Smlmov Test Statistic for Two Samples of Equal Size n° 

One-Sided Test: One-Sided Test: 
,,"" 0.90 0195 0.975 0.99 0.995 ,,= 0.90 0.95 0.975 0.99 0.995 

Two-SIded Test: Two-Sided Test: ,,= 0.80 0.90 0.95 0.98 0.99 ,,= 0.80 0.90 US 0.98 0.99 

n=3 213 213 n "" 11 7122 8122 8122 10/22 10122 
4 314 314 3/4 13 7123 8123 9123 10/23 10123 
5 3/5 3/5 4/5 4/5 4/5 14 7124 8124 9/24 10/24 11/24 
6 316 416 416 5/6 516 15 7125 8I2S 9125 10/25 11/25 
7 4a 4a sa sa sa 16 7/26 8126 9/26 10116 11126". 
8 4/8 4/8 5/8 5/8 6/8 17 7/27 8127 9/27 11127 11127 
9 419 519 5/9 619 619 18 8128 9/28 10128 11/28 12118 

10 4110 5/10 6110 6110 7110 19 8129 9/29 10129 11/29 12129 
II 5//1 5111 6111 7111 7111 30 8130 9130 10/30 11/30 12130 
11 5111 Sill 6112 7112 7/12 31 8131 9/31 10131 11/31 12/31 
13 5113 6113 6113 7/13 81\3 11 8132 9132 10132 12132 12132 

14 5/14 6//4 7//4 7//4 8114 II 8/33 9/33 11/33 12133 Ilm 
IS 5//5 6115 7115 8115 8115 34 8134 10/34 11134 12134 13/34 
16 6/16 61" 7116 8116 91" 35 8135 10/35 11135 12/35 13/35 
17 6117 7117 7117 8117 9117 36 9136 10/36 11/36 12136 13/36 
18 6118 7118 8118 9118 9118 37 9137 10/37 11137 13/37 13/37 
19 6119 7119 8119 9119 9119 38 9/38 10138 11/38 13/38 14138 
10 6120 7/20 8120 9/20 10/20 39 9/39 10139 11/39 13/39 14/39 
1/ 6/21 7/21 8121 9/21 10/21 40 9140 10140 12140 13/40 14/40 

Approxlmatlon 1.52 1.73 1.92 2.15 2.30 
for n > 40: Vn Vn Vn Vn Vn 

SouRCE. Adapted from BIrnbaum and Haft (1960), wkh permission from dI4IlnstItutII of Mathematical Sl:allstlcs. 
•Th. entrIes In thIs tabl. are selected quantIIes ~ of the Smlmov two-sample test statistic T defined by Equations. 6.3.2 and 6.3.3 
ror the one-talled test and defined by Equatloll 6.3.1 lOr the two-lalled teon:. Reject H, at dl4l1eYe1 a If T exceeds the I - a quan-
Ill. of T as &Mm III this abl.. Th. ten: staIlsIlc Is a discrete random Yll'labl.. so dI4I -.ct hMII of significance may b. Ius than 
th.. apparent a used In thls table. 

Different Size n and mO 

On..Slded Test: 
Two-Sided Test: 

p =0.90 
p =0.80 

0.95 
0.90 

0.975 
0.95 

0.99 
0.99 

0.995 
0.99 

H, = I HI = 9 17118 
10 9f10 

HI =1 HI = 3 5/6 
4 3/4 
5 415 415 
6 516 516 
7 sa 6fl 
8 3/4 718 718 
9 719 819 819 

HI =3 
10 

HJ = 4 
7/10 
3/4 

415 
3/4 

9/10 

5 
6 
7 

2/3 
213 
2/3 

4/5 
213 
sa 

4/5 
5/6 
6fl 6fl 

8 
9 

5/8 
213 

3/4 
213 

3/4 
719 

7/8 
819 819 

10 
11 

3/5 
7112 

7110 
213 

4/5 
3/4 

9110 
516 

9/10 
11112 

HI =4 Nt= 5 
6 
7 
8 
9 

3/5 
711l 

17/28 
518 
519 

3/4 
213 
sa 
5/8 
213 

4/5 
3/4 
3/4 
3/4 
314 

4/5 
5/6 
6a 
7/8 
719 

5/6 
6a 
718 
819 

HI =5 HI = 

10 
11 
16 
6 

11/20 
7112 
9116 
3/5 

13120 
213 
5/8 
213 

7110 
2/3 

11116 
213 

4/5 
314 
3/4 
516 

4/5 
516 

13//6 
516 

7 
8, 

10 
15 
10 

4n 
11/20 
519 
1/2 
8115 
1/2 

23/35 
5/8 
3/5 
3/5 
3/5 

11110 

sa 
27140 
31/45 
7110 
2/3 
315 

29135 
415 
719 
7//0 

I illS 
7110 

6a 
415 
415 
4/5 

11115 
314 

H, =6 Nt = 7 23/42 4a 29142 sa 516 
8, 

10 

1/2 
1/2 
1/2 

7112 
519 

17130 

2/3 
2/3 

19130 

3/4 
13/18 
7110 

3/4 
719 

I illS 
11 
18 
14 

1/2 
419 

11124 

7112 
519 
112 

7112 
11118 
7112 

213 
2/3 
5/8 

3/4 
13118 
213 

f .-, 
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TABLE All The t Distribution" 

Degrees of 
Freedom p =0.6 0.75 0.9 0.95 0.975 0.99 0.995 0.9975 0.999 0.9995 

0.325 1.000 3.078 6.314 12.706 31.821 63.657 , 27.32 318.31 636.62 

ILE AlO (Continued) 2 0.289 0.816 1.886 2.920 ;.303 6.965 9.925 '''.089 22.327 31.598 
0.277 0.765 1.638 2.353 3.182 4.541 5.8'" 7.453 10.21" 12.92<1 

I-Sided Test: p = 0.90 0.95 0.915 0.99 0.995 .. 0.271 O.HI 1.533 2.132 2.776 3.747 40604 5.598 7.173 8.610 
,·Slded Test: P =0.80 0.90 0.95 0.99 0.99 5 	 0.267 0.727 1.'176 2.015 2.571 3.365 4.032 4.773 5.893 6.869 

6 	 0.265 0.718 1.<140 1.943 2.447 3.143 3.707 4.317 5.208 5.9591 Nt = 8 17/56 ll/56 518 41156 3/4 
9 ll/63 519 40/63 SI7 47/63 7 0.263 0.711 1.415 1.895 2.365 2.998 3.499 ".029 4.785 5."108 

10 33170 39170 43170 7110 517 8 0.262 0.706 1.397 1.860 2306 2.896 3.355 3.833 4.50 I 5.041 
14 317 112 417 9114 517 ') 0.261 0.703 1.383 1.833 2.262 2.821 3.250 3.690 ".297 4.781 
28 317 13128 15128 17128 9114 10 0.260 0.700 1.372 1.812 1.228 2.764 3.169 3.581 ... 1.... ".587 

8 Nt = 9 4/9 Il124 5/8 113 314 II 0.260 0.697 1.363 1.796 2.201 2.718 3.106 3.497 ".025 4.437 
.p 10 19/40 11140 13/40 27/40 7110 	 12 0.259 0.695 1.356 1.782 2.179 2.681 3.055 3."28 3.930 4.318 

12 11124 112 7112 518 113 13 0.259 0.6'4 1.350 1.771 2.160 2.650 3.012 3.372 3.852 4.221 
16 7116 112 9116 511 Sl8 

14 0.258 0.692 1.345 1.761 2.145 2.624 2.977 3.326 3.787 4.140
32 13/ll 7116 112 9116 \9132 

15 0.258 0.691 1.3.. 1 1.753 2.131 2.602 2.947 3.286 3.733 4.073
9 Nt =10 7115 112 26145 113 31145 

J6 0.258 0.690 1.377 1.746 2.120 2.583 2.9213.252 3.686 ".01512 iJ9 112 519 11118 113 

15 19145 1lI45 8115 
 liS 29145 /7 0.257 0.689 1.333 1.740 2.110 2.567 2.898 3.222 3.646 3.965 

18 7118 419 112 519 11118 18 0.257 D.688 1.330 1.73.. 2.101 2.552 2.878 3.197 3.610 3.922 
36 IlIl6 Sill 17/36 19/36 519 19 0.257 0.688 1.328 1.729 2.093 2.539 2.861 3.17" 3.579 3.883 

10 Nt =	15 115 7115 112 17/30 19110 20 0.257 0.687 1.325 1.725 2.086 2.528 2.845 3.153 3.552 3.850 
20 lIS 9120 112 11120 3/5 2/ 0.257 0.686 1.323 I.721 2.080 2.518 2.831 3.135 3.527 3.819 
40 7120 115 9120 112 21 0.256 0.686 1.321 1.717 2.07<1 2.508 2.819 3.119 3.505 3.792 

12 N, =15 13/60 9120 112 11120 7112 23 0.256 0.685 1.319 1.714 2.069 2.500 2.807 3.104 M85 3.767 
16 l/8 7116 23148 13124 7112 24 0.256 0.685 1.318 1.711 2.064 2.492 2.797 3.091 3.467 H4S 
18 Il/36 5112 17/36 19116 519 

lS 0.256 0.684 1.316 1.708 2.060 2A85 2.787 3.078 3.450 3.72520 11130 5112 7115 31160 17/30 
26 0.256 0.68" 1.315 1.706 2.056 2A79 2.779 3.067 . JA35 3.707 

15 Nt =20 7120 115 13/30 29160 31/60' 
27 0.256 0.684 1.314 1.703 2.052 2.<173 2.771 3.057 3.<121 3.690 

16 N.=20 17/80 31180 17/40 19140 41180 
28 0.256 0.683 1.313 1.701 2.048 2.<167 2.763 3.047 3.408 3.674 
29 0.256 0.683 1.311 1.699 2.045 lA62 2.756 3.038 3.396 . 3.659Il8ITIple l.12jm+n 1.52Jmmn+ n t.63Jm;;nmn I.l6Jm;; n:Jxlmation 1.07Jm;; n 	 30 0.256 0.683 1.310 1.697 2.042 lA57 2.750 3.030 3.38S 3.646 
40 0.255 0.681 1.303 1.684 2.021 2.423 2.704 2.971 3.307 3.5SI 

E. Adapted I'rom Musey (1952). with pm-nlsslon from m. Inltilute of Madulmadal SatIsdcs. 60 0.25" 0.679 1.296 1.671 2.000 2.390 2.660 2.91 S 3.232 3.460 

antrles In this table are selected quandlel w, of the SmlmoY telt atadsdc T for two samples. defined /20 0.25" 0.677 1.289 1.658 1.980 2.358 2.617 2.860 3.!6O 3373 
lations 6.3.1, 6.3.2. and 6.3.3. To enter the ublel« N, be the smaller sample size IUId I« Nt be the co 0.253 0.674 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291 

nmple size. Reject H. It the I.., .. Q/ If T lOXCeedi w,•• u pen In this able. If n and m are not cOY

'y this table. use the larp sample approxlmatlon sfven at m. end of the tabl., or COllJuit fOOIct tabl.. SOUI\CE. Reprinted from Vol. 1 of Pearson and Hartley (1976), with permission from the 8/ometrilco Trustees. 

\ and jennrlch, which appear In Harter and Owen (1970) for It, m :5 100. •T .... entri .. In this table are quantile. W, of the t dls<rlbutlon for various degrees of freedom. Quantile. w, for p < O.S may be 

computed from the equation 

W" = -WI_It 

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

..~- . 	 ._--"--.,,,... 


