
Statistics Qualifying Exa.in 

Nan 1e: 

l. Supposr (X , , X2) have the joint pdf, fx,.x,{ .t1,.t2) I, 0 < .r1 • :r2 < 1: 0, elsewhere . Su ppooc 

Yt = X, - X 2 and Y2 = X, - X, . 

(a.) Find the joint pdf of (Y1. Y2). 

(b) find the margina l pdfs of Y1 and Yi. 

2. Show thal if X,) converges to X in dlstl'ihution and Y,. c-onvct'g€Sin probability to 0. Then Xn + Y.) 
converges to X in dist,ribution . 

3. Let X be a random voriable with moment generating f1rnc1iou Mx(t) . -h <I< h. Prove that : 

(a) 

P( X ~ II) s e "'Mx{l),O <I< h . 

(b) 

P(X Sa) s •- 41 Mx(t), -h < I < 0. 

4. Two independent observation:,;; X 1 and X2 n.rc nvailable from a Poisson(.,\) dis1rihution. For te'-ting 

Ho : A= 4 v.s. H,:). = G, 

{a) Find the Type I error probabili ty of the test that . rejects Ho when X, + X., > G. 

(b) Find the Type I erro r prob. thnt rejects Ho when both X 1 and X 2 o,·c larger I.hen 4. 

(c) Find the power of the test that rejects Ho if X 1 + X2 > 6 1,nd also rejects H0 with pto bability 

0 .5 if X, + X 2 = 6. 

-5.Let X1 .... . X,, be i.i.d. uuiform (O. l). so fx (.t) = I for, . E (0, I) and 1-~d .r) = .r for .r E (0, ! ). Let 

yl $ )'2$ · · · ~ Y,~ be the ordc1· ShltiStiCS of X1,.,,. X ,t, 

(a) Find the pdf of Y,, and also Rnd £()~,) and \l«r(Y,,) . 

(b) Show that Y,, is a s ufficienl sl.at.ist.ic of 0. 

(c.) It i:,, well kuo\vu that the distribu tion of Yn belongs LO a co mplete family. Find the minimurn 

variance unbias ed esl.imnt.or (~,fVt:E) of 0. 
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6 The following <la.Lu repre~ent Lhe rnHning l im('s of films pl'oduccd hy 2-mot,ion-pictnrC' rompanics: 

Compau~• Tirne (11)innt.es) 
I 86. 79. 85, 83. 82 
2 81, 165. 97,134 . 92. 87, 12~ 

Use the SAS output, be low t.o tc-st thc- hypothe:-.is that two averagC' runumg times of films are equal. 

Use o = .05 and assume the distributions of limt-:; to lw tlpproximate)y 11onna1.t::seo = .05. 

The TTEST Procedure 

company N ~lean SD 
j 5 83 2.7386 
2 7 111.4:3 30.675 

variances DF t Value Pr> ltl 
Equal 10 -2.04 .0689 
vncqual 6.13 -2 .� 4 0497 

7. For two-way A~O VA model wit.h unequal sample sise, we know Lhat. their tvpe J aud type Ill sum of 

squares are oot the same. This is due to the fact that Type I SS weights each observation equally. 

while T~'pe 111 SS weights each t reatment equally . 

Cousider the bone data set where factor A is gender. "= 2 levels: male, female; and factor D is bone 

development. b = 3 levels: severely. moderately . or 111ildly depressed . The sample sises are 4. 2. I for 

ma le and l , 3.4 for female. We use a contmsl . t0 s,,e wha,. is hoing raknlatcd for type T and t.ype Ill 

SS. i.:se the following model: 

(a) What are the type I and ty1>e Ill contrast statements (in SAS) for gender effect, the hypothesis 

is Ho : Jlmnl( = /ljrmnlr· 

(b) F'inctth<'type I and Lypc111 c-omra.sts for hone .~ffcrt, Ho: (Jt(f't't"f"r+ /.J.m<>Mr-at =f')/ 2 /Lmi.ld· 
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8. The electric power consumed each mo11th by a chemica l plant is thought to be rdated to the a"erage 

a.rnhient lemp<'raun·c X 1, c.hc munber of <lays in Lht> mont.h X 1 . Lhc•avenlgC'product purity x~,. and 

the tons of produc.:L produced X4. The 1x·1styrat's hh,1orirol clnta ;\.r<' av~ilahl<'. ConsidPl· all I varh\hles 

as co\·aria.les iu the multiple re&ressioumodel with normal errors. l;M' the followiu~ information.with 

n = 12. 

A1H\lysi~of Variance 

Sum of '.\·foMI 
Source DI' Square::; Square f' Value Pr > F 
~lode! 4%7.2 •107'1 
Error 
Corrected Total 6656.25000 

Parameter Estimates 

PRrameter Standard 
Vru·iable DF 8st imate Erro r L Value Pr> IL 
l11tercepl l -102.71324 207.8!;885 -0.19 0.6363 
xi 0.60537 0.36890 1.64 0.1441! 
x2 8 .92364 5.3()()52 1.68 0.1361 
x3 l. 13716 2.39162 0.60 0.5668 
x4 0.01361 0.7~:)82 0 .02 o.n857 

Xumhcr in 
Model R-Squarc C(p) AIC ~ISE SSE Va.da.hl~:, in Model 

I 0.6446 1.7471 67.4074 236.57679 2365.76786 x2 
I 0.5647 3.9371 69.8397 289.73308 2897.33079 xi 
I 0.0021 19.3586 79.7922 664.03676 66-10.3676'.> x3 
I 0.0001 19.1218 79.8198 665.56b70 6655&6% x4 
2 0.7314 J.3665 66.0171 198.66239 1787.9614/l xJ x'l 
2 06463 3 691!9 693479 26 1.,56262 2354.06360 x2 x3 
2 0.6447 3.7437 69.4032 262.77130 2364.94169 x2 x4 
2 0.6412 3.8385 69 .5194 265.32872 2387 .95845 xi x3 
2 0.56-18 5.9352 71.8377 321.8721() 2896.84886 xl X 1 
2 0.0026 21.3,139 81.7901 737.6918~ 6639.22662 x3 X 1 
3 0.7447 3.0003 67.4353 212.38659 1699.09274 xi x2 x3 
3 0.7316 3.3612 68.0386 223.33621 1786.68970 xi x2 x4 
3 0.6466 5.6930 71.3406 294.07956 2352.6364, x2 x:J x4 
3 0.6414 5.8343 71.5143 298.36753 2386.94025 xi x3 x4 
4 0.74H 5.0000 69.4347 242.71561 1699.00926 xi x2 x3 x I 

(a) Fin<l the fiue<l regression model of Y, = .:Jo + .J,x,,.,.:3,X2, + :'J:iX,., + ,'3,X., + ,, anrl complct-<' 

the A:S:O\ 'A table . 

(bl Predict power co11s11mption for n rnomh when X 1 = n, X2 = 24. X·, = 90. and x. = 98. 

(c) Test Lhe hypot he,,is Ho: 3, = 1J, = 0 v.,. H1 : not // o, 

(d) Perform a stepwise regression using a o - y ing. .o;; k·vd uf ~ignitit:,rnn• for ~·ntt•riug aud i->ta
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9 The effect or <:ultur.-11 background ou group doC'ision m:,kmg was studied by au c::<p<'rlln<'nt.. Sixteen 

teams of st.udents were rol'mcd and a.55igned a task . One of responS(> varia.hlf's was Lhe number of ~roup 

lnL<.:r<L<;tiou:, prior h:a,n~ considered of U.S. to the tin?Jl J!.ruup <l1...·a.:i:,iu11.Elght of foreign $tlltleuts . eight 

stu<leuts. Hillf of th<' teams consisted of eigln members, the other h~lf of four 1nembers. Two foreign 

observers were used fort.he forcigu Lea.ms. and two U.S. observers ror the- U.S . tenms . Thus the design 

may be represented as follov..'S: 

Size of Team 
4 members 
U=l) 

U.S. Teams 
Observer I 

(k=l) 
replication 1 
replicatioH 2 

(i- 1) 
Observer 2 

(k-2) 
replication 1 
replication 2 

Foreign Teams 
Ohs<"rver 3 

(k=l) 
replication l 
replication 2 

(i-2) 
Ob:i..rver 4 

(k=2) 
reµlicatiou I 
repl icot.ion 2 

8 mC'mhf'rs 
(.i=2) 

replication l 
.-eplic-a.tion 2 

replication 
replication 

1 
2 

rrplication 
replication 

1 
2 

replication l 
l'epli<:Mion 2 

The appropriate modd is: 

where : 

JI is an overall 0011Sl.f\OL. 

n 1 arc the cffc:ds=lix1:d 11nt1v11t\Hty 

3_,;a)·c the fixf'<l team size effe..:ts. 

''Jk(i) are the random obS(•rVN' (within nationality) effel'tl:i, 

(oB)i:. utc tin: 11atfon0Jity-t1.'t1.1n i;it:t' i11lcn:1<;t,ivu <.;fft't'.tS.
1 

(.3: )jk {i) are the team sh~<--ohserver intenwtiou (within nationali1y) pffects and 

, 1;km are random error t-enns . 

(a.) \Vrite down the appropriate model assumptions (<'onstrflint.s and cfo:itributioua) assumptions) for 

this model. 

(b) 'Write down the ANOVA table inclucling the explicit form of sum of ;;quarcs , de!(t'ees of frC'<'<lom 

(df) and Expected ~lean squares (GMS) . 

(<;)Tb t<t!Stwhether or uvt <:iid t <:fft•d. is !;1gnHh.-~rntly (.\ilkr<.:11t., state chc-A.ppropria.te h.vpothcses and 

the <:orrf'spondiug F statislics . 

http:chc-A.ppropria.te
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Tables l T-3 

Table entry for z is the 
area under the 
standard normal curve 

zto the left of z . 

- . - ·--
Standard normal probabilities (continu,·d) 

.00 .OJ .02 .03 .04 .OS .06 .07 .08 .09z 

0.0 .5000 .5040 .5080 .5120 .5160 .5199 .5239 .5279 .5319 .5359 
0 .1 .5398 .5438 .5478 .5517 .5557 .5596 .5636 .5675 .5714 .5753 
0.2 .5793 .5832 .5871 .5910 .5948 .5987 .6026 .6064 .6103 .6141 
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 .6517 
0.4 .6554 .6591 .6628 .6664 .6700 .6736 .6772 .6808 .6844 .6879 
0.5 .6915 .6950 .6985 .7019 .7054 .7088 .7123 .7157 .7190 .7224 
0.6 .7257 .7291 .7324 .7357 .7389 .7422 .7454 .7486 .7517 .7549 
0.7 .7580 .7611 .7642 .7673 .7704 .7734 .7764 .7794 .7823 .7852 
0.8 .7881 .7910 .7939 .7967 .7995 .8023 .805) .8078 .8106 .8133 
0.9 .8159 .8186 .8212 .8238 .82b4 .8289 .8315 .8340 .8365 .8389 
1.0 ._ .8413 .8438 .846) .8485 .8508 .8531 .8554 .8577 .8599 .8621 
I.I .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830 
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 .9015 
1.3 .9032 .9049 .9066 .9082 .9099 .9115 .9131 .9147 .9162 .9177 
1.4 .9192 .9207 .9222 ,9236 .925 1 .9265 .9279 .9292 .9J06 .9319 
1.5 .9332 .9345 .9357 .9370 .9382 .9394 .9406 .9418 .9429 .944 1 
1.6 .9452 .9463 .9474 .9484 .9495 .9505 .9515 .9525 .9535 .9545 
1.7 .9554 .9564 .9573 .9582 .9591 9599 .9608 .9616 .9625 .9633 
l.8 .9641 .9649 .9656 .9664 .9671 .9678 .9686 .9693 .9699 .9706 
l.9 .9713 .9719 .9726 .9732 .9738 .9744 .9750 .9756 .9761 .9767 
2.0 .9772 .9778 .9783 .9788 .9793 .9798 .9803 .9808 .98J 2 .9817 
2.1 .9821 .9826 .98]0 .98]4 .9838 .9842 .9846 .9850 .9854 .9857 
2.2 .9861 .9864 .9868 .9871 .9875 .9878 .9881 .9884 .9887 .9890 
2.3 .9893 .9896 .9898 .9901 .9904 .9906 .9909 .9911 .9913 .9916 
2.4 .9918 .9920 .9922 .9925 .9927 .9929 .9931 .9932 .9934 .9936 
2.5 .9938 .9940 .9941 .9943 .9945 .9946 .9948 .9949 .9951 .9952 
2.6 .9953 .9955 .9956 .9957 .9959 .9960 .9961 .9962 .9963 .9964 
2.7 .9965 .9966 .9967 .9968 .9969 .9970 .9971 .9972 .9973 .9974 
2.8 .9974 .9975 .9976 .9977 .9977 .9978 .9979 .9979 .9980 .9981 
2.9 .9981 .9982 .9982 .9983 .9984 .9984 .9985 .9985 .9986 .9986 
3.0 .9987 .9987 .9987 .l/968 .9988 .9989 .9989 .9%9 .9990 .9990 
3. 1 .9990 .9991 .9991 .9991 .9992 .9992 .9992 .9992 ,9993 .9993 
3.2 .9993 .999, .9994 .9'.194 .9994 .9994 .9994 .9995 .9995 .9995 
3.3 .999, .9995 .9995 .9996 .9996 .9996 .9996 .9996 .9996 .9997 
3.4 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9998 



Tables T-11 

\ 
Table entry fo r p and C is ,~roba bility p
the crit ical value t· with . .)>...fprobability plying to its :?r~\~---right and prob abi lity C lying 

• 
t•between -t· and t1 

~ · ........ ""'· --•· •--· -- ,,.~...... ~ -er. .• .•--- .,'· ••·· ,• - , ··-;-·~- .. ,; ·-,-,., . ----- ,-...,_ . - ·-·••i--,·-,--.,,.- . .. ,Fi!•~'JM-J,-
t distribut ion critica l values 

UJ)pcr-t:l.il prohabi lity p 

-
c1r .25 .20 . 15 .10 .05 .o25 .Q2 .0 I ,005 .0025 .00 1 .0005 

I l.000 1.376 1.963 3.078 6 .314 12.71 15.89 31.82 63.66 127.3 318.3 636.6 
2 0.8 16 1.06 1 1.386 1.886 2.920 4 ,303 4.849 6.965 9 .925 14.09 22 ,33 31.60 
3 0.765 0 .978 1.250 1.638 2.353 .\.182 .'\.482 4.541 5.84 1 7.453 10.21 l2 .92 
4 0.741 0.941 1.190 l ,;\33 2.132 2.776 2.999 3.747 4.60 4 5598 7.173 8.6 10 
5 0.727 0.920 l.156 1.476 2.015 2.571 2.757 3.365 4.032 4,773 5.893 6 .869 

0.7 18 0.9 06 J. )34 1.440 1.943 2 ,447 2.612 3.143 3.707 4.317 5.208 5.95 9 6 
7 0.711 0 .896 1.119 1.415 1.895 2.365 2.5 17 2.998 3.499 4.029 4 .785 5.408 
8 0.706 0 .889 1.108 J.397 t .860 2 .306 2.449 2 .896 3.355 3 .833 4.50] 5 ,041 
9 0.703 0.883 J. 100 1.383 1.833 2.262 2.398 2 .821 3.250 3.690 4,297 4,781 

10 0 .700 0 .879 1.093 1.372 1.8 12 2.228 2.359 2.764 3,169 3.581 4. 144 4.587 
11 0 .697 0 .876 J.088 1.363 1.796 2.20 1 2.328 2.718 3 . 106 3.497 4 .025 4,437 
12 Q.695 0 ,873 1.083 l.356 1,782 2.179 2.303 2.6$1 3.055 3.428 3.930 4,318 
13 0.694 0.870 1.079 1.350 1.771 2.160 2.2R2 2.650 3,012 3.372 3.852 4.221 
14 0 .692 0 .868 l.076 1.345 1.761 2.145 2.264 2.624 2.977 3.326 3.787 4, 140 
15 0.69 1 0 .8M 1.074 1.3<1I 1,753 2.131 2.249 2.602 2 .947 3.286 3.733 4,073 
16 0.690 0.865 l.071 1.337 1.746 2.120 2.235 2.583 2.921 3.252 3.686 4.0 15 
17 0.689 0.86 3 1.069 l.333 1.740 2.110 2.224 2.567 2 .898 3.222 3.646 3.965 
18 0 .688 0.862 1.067 l.330 1.734 2.101 2,214 2.552 2.878 3, 197 3 .611 3.922 
19 0 .688 0 .861 1.066 1.328 1,729 2.093 2.205 2539 2 .861 .1.174 3,579 3.883 
20 0.687 0.860 1.064 1.325 1.725 2.086 2. 197 2.528 2.845 3. 153 3.552 3.850 
21 0.686 0.859 1.063 l.)23 I. 72 1 2.080 2. 189 2.5 18 2.831 3. 135 .3.527 3.819 
22 0.686 0.858 l.06 1 1.32 1 1.717 2.0i4 2.183 2.508 2 ,8 19 .l, 119 3 .505 3.792 
23 0 .685 0.858 1.060 1.319 1,714 2.069 2. 177 2.500 2.807 3. 104 3.485 3 .76S 
24 0 .685 0 .857 1.059 1.318 I.71 I 2.064 2,172 2,~92 2.797 3.09 1 3,467 3.745 
25 0.684 0 .8% 1.058 1.316 1.708 :?.0(>0 2.167 2.485 2 ,787 3.078 3.'150 3.725 
26 0 .684 0.856 1 .058 1.315 1.706 2.056 2.162 2.479 2.779 3.067 3.435 3.707 
l7 0.684 0.855 1.057 1.3 14 1.703 2.052 2.158 2.4 73 2.771 3.057 3.421 3.690 
28 0.683 0.85S 1.056 1.313 1,i OI 2.048 2.154 2.467 2.763 3.047 3.408 3 .674 
29 0.683 0.854 1.055 1.311 1.699 2.045 2.150 2.462 2.756 3.038 3.396 3.659 
30 0.68:l 0.854 1.055 1.310 1.697 2.042 2.147 2.457 2.75 0 3.030 3 .385 3 .646 
40 0.68 1 0.85 1 1.050 1 .. 103 1.084 2.(\21 2.121 2 423 2,7\>4 2.97 1 1,307 3.551 
50 0.679 0.849 I ,(J4 7 I .299 1.676 2 .009 2.109 !.40 ,'l 2.678 2.9.17 3.26 1 .,.496 
60 0,679 0.648 l .045 1.296 1.67 1 2.000 2.099 2 .390 2,660 2.q15 3.232 3.460 
80 0.678 0.846 1.0, ., l .:?92 1.6M 1,990 2 .066 2.374 2.b39 2,867 3.195 3.416 

100 0 .677 0.845 1.042 1.290 1.660 1.984 1.ma ! ,3(,-1 2 .626 2.871 ).174 3,390 
1000 0.675 0.842 1.037 1.281 I.IH6 1,9(,2 2.056 2..\30 2.581 2 813 3 .096 3.300 

t' 0.674 ().841 1.036 1,282 1.645 1.960 2.054 2.320 2 .57(, 2.807 3.09 1 :t29 ) 

50% 60t;,. 70'1-~ SfY:1, 90';{ 95~:t, 96% 98% 99% 99.5% 99.8% 99 .9% 

Cor'lfidrnct' level C 
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T-12 I Tables 
I 

Table entry for pis the 
critical value f· with 
probability p lying to 
its right . 

-- or. . • ,.,,.,,,, ----:•"'r ..._ ,~ '•" __..,.. .,•.,, -,,. -. · ;$:fi ~-(" .. .. ; -. . • ..-.... ; ...,.......__., --- -- :'."'"".,~111~J!u=-
F critical values 

Degree:. of I ,-eedom in the numer;ttor 

I 2 3 4 5 6 7 8 9p 

39.86 49.50 53.59 SS.83 57.24 ,8 .20 SH.91 59.44 59.86 . 100 
161.45 199.50 215.7 1 224.58 230. 16 2.ll.99 236.77 238.88 240.54 

I .Q25 
.oso 

~47.79 799.50 864.16 899.58 921.85 937.1 1 948 .22 956.66 963 .28 
.0 10 4052 .2 4999.S 5403. 4 5624.6 5763.6 5859.0 5928.4 5981.1 6022.5 
.001 405284 500000 540379 562500 576 405 585937 592873 598t44 6112284 

8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 
.050 
.100 

18.51 19.00 19. 16 19.25 1<1..~o 19.33 19.35 19.37 19.38 
2 -025 38.51 39.00 39.17 39.25 J'l .30 39.33 39.36 39.37 39.39 

98.50 99 .00 99.17 99 .25 99.30 99.33 99 .36 99.37 99.39 
.001 
.oJO 

998 .50 999.00 999.17 999.25 999 .J() 999.33 999.36 999 .37 999.39 

5.54 5.46 5.39 5.34 5.31 5.28 5.27 3.'.?5 5.24.100 
~ 10.13 9.55 9.28 9.12 9.() 1 8 .94 8.89 8.85 8.8 1 .050 

3 .ois 
2 

17.44 16.04 l;'i.44 15.10 14.88 14.73 14.62 14.54 14.47" 34 .12 30.82 29.46 28.71 28 .24 27.91 27.67 27.49 27.35" .0 10 'E 
167 .03 148.50 141.11 137. 10 134.58 132.85 131.58 130 .62 129.86 0 .OOi = .,," 

4.54 -L32 4.19 4.11 4.0.5 4.01 3 .9 8 3.95 3.94 
-5 
V . 100 

7.71 6.94 6.59 6.39 6 .26 6. 16 6 .0 9 6.04 6.00 
.!: 4 .Q25 

.oso 
12.22 I 0.65 9.98 9.60 9.36 9.20 9 .07 8 .98 8.90 
21.20 18.00 16.69 1,.n 1.,.52 15.21 14.98 14.RO 14.66I? .oio0 
74.14 61.25 56 .18 53.44 51. 71 50.53 49 .66 49 00 48.47"C .001 

i: 
4.06 3.78 3 .62 3.:i2 3.45 .} 4(1 3 .17 3.34 3.32.100'o ,1,q56.61 5.79 3.41 5.19 5 .05 4.88 4.82 4.77 

~ 

.• .050 
~ 

10.01 8.43 7.76 7.39 7 .15 6.98 6 .85 6.76 MS; .025" ~ 16.26 13.27 12.06 1139 10.97 10.67 10.46 10.29 10.16 
Q" .001 

.010 
47.18 37.12 33.20 31.09 29.75 ~S.83 28 .16 27.65 27 .24 

3.78 3.46 3.29 3 .18 3.11 3.05 3 .01 2.98 l.96 

.050 

. 100 
5.99 5.14 4.76 4 .53 4 .39 4.28 4.21 4.15 4 10 

6 .Q25 8.81 7 .26 l>.60 6.23 5.99 5Jl2 5 .70 5.60 5.52 

.OIO 13.75 10.92 9.78 9.15 $ .75 8.47 8.26 8.10 7.98 

.001 35 .5 1 27 .(10 B.70 21 .92 2().8() 20.0.1 19.46 19.0.1 18 .69 

3.26 3.07 2.96 2.8~ 2.83 2.7~ 2.75 2.72 
,.6~ 

.100 3.59 
:i.5!sl 4.74 :.i •• n 4.12 .1.97 3.87 ~.79 U3 .

7 .025 
.050 

8.07 6.54 S.$9 5.52 5.29 5. 12 -L'.J9 4.90 4.82 
.(110 12.25 9.55 $.45 7.85 i.46 7 19 b .99 6.84 6 .72 
.001 29.25 2LM 18 .77 17.20 16.21 15.52 15.02 14 6.1 14.33 



Tables l T 13 

·, '-.. Probability p 
Table e ntry for p is the 
critical value F· with :n-L_
probabi lity p lying to 

F'its right. 

-· .....-- -- --- ------- - -- ·- ·- -,v;u: 

F critical values (<ont,nued) 

~--· 

D<:gl'C't:Sor r.-ct.·domin Ihe ruuncnuor 

10 12 15 20 25 30 40 50 60 120 1000 

60.19 
241.88 
968 .6J 

6055.8 
605621 

9.39 
19.40 
39.40 
99.40 

999.40 

5.23 
8.79 

14.42 
27.23 

129.25 

3.92 
5.96 
8.84 

14.55 
48.05 

3.30 
4.74 
6.62 

10.05 
26.91 

2.94 
4.06 
5.46 
7.87 

18.4 1 

2.70 
3.64 
4.7b 
6 .62 

14.08 

60.71 61.22 
243,91 245.95 
976 .71 984,87 

6106.3 61:;7.3 
010668 615764 

9.41 9.42 
19.41 19.43 
39 .41 39.43 
99.42 99.43 

999.42 999 .43 

5.22 5.20 
8.74 8.70 

14.34 14.25 
27.05 26.87 

128.32 127.3 7 

3.90 3.87 
5.91 5.86 
8.75 K.66 

14.37 14.20 
47.41 46.76 

3.27 3.24 
4.68 4.62 
6.52 6AJ 
9.89 9.72 

26.42 25.91 

2.90 2.87 
4.00 3.94 
5.37 5.27 
7.72 7,:;6 

17.99 11.5b 

2.67 2.63 
3.57 3.51 
4.o7 4.57 
0.47 6.31 

13,71 13.32 

61.74 62.05 62.26 62.53 
248.0 1 249.26 250. 10 25 I. I4 
993.10 998.08 1001.4 1005.b 

620 1'i.7 6239.8 0260.6 6286 .R 
620908 624017 626099 628712 

9.44 9.45 9.46 9.47 
19.45 19.46 19 46 19.47 
39.45 39.46 39.46 39.47 
99,45 99.46 99.47 99 .47 

999.45 999.46 999.47 999.47 

5.18 5.17 5.17 5.16 
8.66 8.63 ~.62 f;.5Y 

14,17 14,12 14.08 14.04 
2o.69 26.58 26.50 26.41 

126.42 125.84 125.45 124.96 

3.84 3 .83 3.82 3.80 
5.HO 5,77 5.75 5.72 
l\.56 8.50 S.46 8.41 

14.02 13.9 1 13.84 l3.75 
46.10 45,70 45.43 45.09 

3.21 3.19 3.17 3.16 
4 .56 4, 52 4.50 4 .46 
6.33 6,27 6 .23 6.18 
9.55 9.45 9.38 9 .29 

25.39 25.08 24.87 24.60 

2.84 :?.81 280 2.78 
J.87 3.83 3.81 3.77 
5. 17 S.I 1 5.07 S.01 
7.40 7.30 7 .23 7.14 

17.12 lb.85 16.67 lb.44 

2.59 :.t.57 2.56 2.54 
3 44 .l.40 .UK J ,34 
4.47 4.40 4 .36 4.31 
tU6 6.06 5.99 S.91 

12.9J 12.69 12..>3 12.33 

62.69 
251.77 

JOOR.I 
6302.S 
630285 

9.47 
19.48 
39.48 
99.48 

999.48 

s.15 
S.58 

14.01 
26..35 

124.66 

3.80 
5.70 
R.JS 

13.<>9 
44.88 

3.15 
4.44 
6. 14 
9.24 

24.44 

2.77 
3.7, 
4.% 
7.09 

IO.~I 

2.52 
.1.32 
4 28 
5.86 

12.20 

62.79 
252.20 

1009.8 
6313.0 
031337 

947 
19.48 
3948 
99.48 

999.48 

5.15 
8.57 

13.99 
26.32 

124.47 

3.79 
5.69 
8.36 

13.65 
44 75 

3.14 
4 43 
6.12 
9.20 

24.33 

2.76 
3.74 
4.96 
7.06 

16.21 

2.51 
3.30 
4.25 
S 82 

12.12 

63.06 
253.25 

1014.0 
6.lJ9,4 
633972 

9 .48 
19.49 
3949 
99.49 

999 .49 

5.14 
8.55 

13.95 
26.22 

123.97 

3.n 
566 
8.31 

13.56 
44.40 

3.12 
4.40 
6.07 
9.11 

24.0o 

2.74 
3.70 
4.90 
o.97 

15.98 

2 49 
3.27 
4.20 
5.74 

11.9 1 

63.30 
254 . 19 

1017.7 
6362 .7 
636301 

9.49 
19.49 
39.50 
99.50 

999 .SO 

5.13 
8.53 

13.91 
26.14 

123.53 

3.76 
5.6J 
8.26 

13.47 
44.09 

3.1 I 
4.37 
6.02 
9.03 

23.82 

2.72 
3.67 
4.X6 
6 .89 

15.77 

2.47 
J.23 
4.15 
~.60 

11.71 

cO.,minued) 
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F critical values (ton1i ,w<·dJ 

Ot:g:n:•(''-of frc,·clom in lh(.• numcI·aIor 

p 2 3 4 5 0 7 8 9 

8 

.100 

.050 

.025 

.0 10 

.001 

3.46 
.5.32 
7.5 7 

11.26 
25.41 

3.1 1 
4.-16 
6 .06 
8.65 

18.49 

2.92 
4.07 
5.42 
7.59 

J'Un 

2.81 
3.84 
s.o::. 
7.01 

14 . .l9 

2.73 
3.69 
4.82 
6.63 

13.-18 

~.67 
3.58 
4.bS 
ti.37 

12.R6 

::?.62 
3.50 
4.5.l 
6.18 

12..10 

2.59 
3.44 
4.43 
6.03 

12.05 

2.56 
J,19 
4.36 
5.91 

11.77 

9 

. 100 

.050 

.025 

.010 

.001 

J.36 
5.12 
7.21 

10.56 
22.86 

3.01 
4.26 
5,71 
8.02 

16.39 

2.81 
3.86 
5.118 
6.99 

13.90 

::?.69 
3.63 
4.72 
6.42 

12.56 

2.61 
3.48 
4.4R 
6.06 

I J.7 1 

2.55 
3.37 
4.32 
5.80 

11. 13 

2.51 
3.29 
4.20 
5 .61 

I 0.70 

2.47 
3.23 
4,10 
5.47 

10.37 

2.44 
J. 18 
4 .03 
5.35 

10.11 

10 

. 100 

.0 50 

.025 

.010 

.001 

J.29 
4.96 
694 

10.04 
21.04 

2.92 
4.10 
5.46 
7.56 

14.91 

2 .73 
3.71 
4.83 
6.55 

12.55 

2.61 
3.48 
4.47 
5.99 

11.28 

2.52 
3.33 
4.24 
5.64 

10.48 

2.46 
3.22 
4 .07 
5.39 
9.93 

2.41 
3.14 
3.95 
5.20 
9.52 

2.38 
3.07 
3.85 
5.06 
9.20 

2.35 
3.02 
3.78 
4.94 
8.96 

•2 
Q 

.9 
E 
0 
<: 

" " " -5 
.s 
a 
0 

ll 
<.> 

-= 
~ 

0 

ti 
~ 
"' u p 

II 

12 

13 

14 

. 100 

.050 

.025 

.010 

.001 

.100 

.o;o 

.025 

.010 

.001 

.100 

.050 

.025 

.0 10 
.001 

.100 
.050 
.025 
.010 
.001 

3 .2.l 
4 .84 
6 .72 
9.65 

19.69 

3.18 
4 .75 
6.55 
9.33 

18.64 

3. 14 
4.67 
6.41 
9.07 

17.82 

3. 10 
4.60 
6.30 
M.56 

17.14 

2.86 
3.98 
5.26 
7.21 

13.81 

2.81 
3.89 
S. 10 
6 .93 

12.97 

2.76 
3.81 
4.97 
6.70 

12.31 

2.73 
3.74 
4.86 
6.51 

11.78 

266 
3.59 
4.63 
6.22 

11.56 

2.61 
3.49 
4.47 
5.95 

10.80 

2.56 
3.41 
4.35 
5.74 

10.21 

2.52 
3.34 
4.2-l 
5.56 
9.73 

2.54 
3.36 
4.28 
5.67 

10.35 

2.48 
3.26 
•. 12 
5.41 
9.63 

2.43 
3.18 
4.00 
3.21 
9.07 

2.39 
3.11 
3.89 
5.04 
S.62 

2.45 
3.20 
4.04 
5.32 
9.58 

2.39 
3. 11 
3.89 
5.06 
8.89 

2.35 
3.03 
3.77 
4.86 
8.3$ 

2.31 
2.96 
3.66 
4.69 
7.92 

2.39 
3.QQ 
3.88 
5.07 
9 .05 

2.33 
3.00 
3.73 
4.R2 
8.38 

2.2s 
2.92 
3.60 
4 .62 
7.86 

2.24 
2.85 
3.50 
4.-16 
7.44 

2.34 
3.01 
3.76 
4.89 
8.66 

2.28 
2 .91 
3.61 
4.64 
,;.oo 
2.23 
2.83 
3.48 
4.44 
7.49 

2.19 
2.76 
3.38 
4.28 
7.08 

2.30 
2.95 
3.66 
4.74 
8.35 

2.24 
2.85 
3.51 
4.50 
7.71 

2.20 
2.77 
3.39 
4.30 
7.21 

2.15 
2.70 
3.29 
4.14 
6.80 

2.27 
2.90 
3.59 
4.63 
8.12 

2.21 
2.80 
3.•• 
4.39 
7.48 

2.16 
2.71 
3.31 
4.19 
6 .98 

2.12 
2.65 
3.21 
4.03 
6.58 

15 

. I 00 

.oso 

.025 
010 

.001 

3.07 
1154 
6.20 
8.68 

16.59 

2.70 
3.68 
4.77 
636 

11.34 

2.49 
.1.29 
4.15 
5.42 
9.34 

236 
J .06 
3.80 
4.89 
825 

2.27 
2.90 
J.;s 
4.56 
7.57 

2.21 
2.79 
3.41 
4. l2 
7.09 

2.16 
2 .71 
3.29 
4. 1.; 
6.74 

2.12 
2.64 
3.20 
4.00 
6.47 

2.09 
2.59 
3.12 
3.89 
6.26 

16 

.100 

.o~o 

.025 

.o10 

.0OI 

.l.0S 
4.49 
o.12 
fi.53 

16.12 

2.t.7 
3.63 
4.69 
6.2.l 

10.97 

2.46 
.,.24 
4,(18 
5.29 
9.01 

2 .. n 
3.0 I 
3.iJ 
4 77 
7.94 

2.24 
2,g_; 
3.50 
4.-14 
7.27 

2.18 
2.74 
3.3• 
4.20 
6.80 

2.13 
2.66 
3 .22 
4.03 
6.46 

2.09 
2.:w 
3.12 
'\ .$1J 
6. 19 

2.06 
2.'i4 
3.05 
3.7M 
S.YH 

17 

. 100 

.050 

.025 

.0 10 

.001 

1.03 
4.45 
6.04 
8.40 

15.72 

2 64 
3.59 
4 .62 
6.11 

10.66 

2.44 
.l.:?H 
4.01 
S.19 
8 .7 1 

2.31 
2.\ln 
3.6o 
4.67 
7.UK 

2.22 
2.81 
3.44 
4.34 
1m 

2.1:'i 
2.70 
3.28 
4.10 
b.5(-, 

2 10 
2.61 
3.16 
3.<13 
6.22 

2.06 
2.5" 
J.06 
3.79 
5.96 

2.03 
2.49 
2.98 
3 .68 
5.75 
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F critica l va!ues (contin11edJ 

--,

Dl•grccs of lrcc.-<11,m in the nufflc1·,111)1 

10 12 IS 20 25 .,o 40 50 60 120 1000 

254 2.50 2.46 
3.35 3.28 3.22 
4.30 4.20 4.10 
s.81 5.67 5,52 

11.54 11.19 10.8-1 

2.42 2.38 2.34 
3.14 3.07 3.01 
3.96 J.87 J.77 
5.26 5.1 1 4.96 
9.89 9.57 9.2-1 

2.32 2.28 2.24 
2.98 2.91 2 ,85 
3.72 3.62 3.52 
4.85 4.71 4.56 
8.75 8.45 8.13 

2.25 2.21 2 .17 
2.85 2.79 2 .72 
3.53 3 43 3.33 
4.54 4.40 4.25 
7.92 7.63 7.32 

2.19 2.15 2.10 
2 .75 2.69 2 .62 
3.37 3 .28 3.18 
4.30 4.16 4 .01 
7.29 7.00 6.71 

2. 14 2 .10 2 .05 
2.67 2,60 2 .53 
3.25 3.15 3.05 
4.10 3.% 3.82 
6 .80 6.52 6,23 

2.10 2.05 2.01 
2.60 2.53 '2.46 
3.15 3.05 2.95 
3.94 3.80 3.66 
6.40 6 . 13 5.85 

2.06 2.02 1.97 
2.54 2.48 2.4() 
3.06 2.96 2.86 
3.80 3.67 3.52 
6.08 5.81 554 

i.oJ 1.99 1,94 
2.49 2.42 2 .35 
2.99 2.S9 2,79 
3.69 .,.ss 3.-l I 
_:;_s, 55:i '",,27 

2.00 1.96 1.91 
2.45 2.38 2 .31 
2.92 2.82 2.72 
3 .59 3.46 3.3 1 
5.58 S.32 5.05 

2.42 
3.15 
4.00 
5.36 

10.48 

2.30 
2.94 
3.67 
4,8 1 
S.90 

2.20 
2.77 
3.42 
4.4 1 
7.80 

2.12 
2.65 
3.23 
4.10 
7.01 

2.06 
2.54 
3.07 
3.86 
6.40 

2.01 
2.46 
2.95 
3-66 
5.93 

1.96 
2.39 
2.84 
3.51 
5.56 

1.91 
2.33 
2.76 
3.37 
5.25 

1.89 
2.28 
2.68 
3.26 
4.99 

1.86 
2.23 
2.62 
3. 16 
4.78 

2.40 2.38 2.36 
3.11 3.08 3.04 
3.94 3.89 3.84 
5.2(1 5.20 5. 12 

10.26 10,11 9.92 

2.27 2.25 2.23 
2.89 2.86 2.S3 
3.60 :t~b 3.51 
4.71 4.65 4 57 
8.69 8.55 8 .37 

2.17 2.16 2.13 
2.73 2.70 2.66 
3.35 3.31 3.26 
4.31 4.2S 4 17 
7.bO 7.47 7.30 

2,10 2.08 2.05 
2.60 2.57 2.53 
3.16 J.12 3.06 
4.01 3.94 3.86 
6.81 6.68 6.52 

2.03 2.01 1.99 
2.50 2 47 2.43 
3.01 2.% 2.9 1 
3.76 J .70 3.62 
6.22 6.09 5.93 

J.98 1.96 1.93 
2.41 2 .38 2.34 
2.88 2.84 2.78 
3.57 3 .5 1 J.43 
5.75 5.63 5.47 

1.93 1.91 1.89 
2.34 2.31 2.27 
2.78 2.73 2.67 
3.41 3.35 J.27 
5 .. 18 5.25 5.10 

1.89 1.87 1.85 
2.28 2 .25 2.20 
2.69 2.64 2.59 
'-28 3.'2' 3.13 
5.07 4.95 4.80 

1.86 1.84 1.SI 
2.23 2 .19 2. 1 <; 
.?.61 2.57 2.51 
3.1~ 3.10 3.02 
4.81 470 -154 

1.$3 1.81 1.78 
2,18 2. 15 ~.10 
2.55 2.50 2 .H 
3.0i 3.00 l .92 
4 .60 4.48 4 .. ,3 

2.35 
3,02 
3.81 
5.()7 
9.80 

2.:?2 
2.80 
3.47 
4.52 
8.26 

2.12 
2.M 
3.22 
4, 12 
7.19 

2.04 
2.51 
3.03 
3.81 
6.42 

J.97 
1.40 
2.87 
3.57 
5.83 

1.92 
2.31 
2.74 
3.38 
5.37 

1.87 
2.24 
2.64 
3.22 
5.00 

1.83 
2.18 
l.55 
3.08 
4 70 

1.79 
2. 12 
2.47 
297 
-I "5 

I 76 
2.08 
2.41 
2.87 
4.24 

2. 34 
J.01 
3.78 
5.03 
9.73 

2.21 
2 .79 
3.45 
4.-18 
8 .19 

2.11 
2,62 
3.20 
4 08 
7.12 

2 .03 
2.49 
300 
3.78 
6,35 

1.96 
2.38 
2.85 
3 .54 
5.76 

1.90 
2.30 
2 .72 
3.34 
5 .30 

1.86 
2.22 
2.61 
3.18 
4.94 

1.82 
2.16 
2.52 
3.05 
4.64 

1.78 
2.1 1 
2 -ts 
2.93 
4.39 

1.75 
2 ,0(, 
2.38 
2.83 
4 18 

2.32 
2.97 
3.73 
4.95 
9.53 

2.18 
2,75 
3.39 
4.40 
8.00 

2.08 
2.58 
3.14 
4.00 
6.94 

2.00 
2.45 
2.94 
3.69 
6 .18 

1.93 
2.34 
2.79 
3.45 
S.59 

1.86 
2.25 
2.66 
3.25 
5. 14 

1.83 
2.18 
2.55 
3.<l9 
4 77 

1.79 
2 11 
2.46 
2.96 
4.47 

I 75 
2 06 
2.38 
2 84' 
•B 

1.72 
2 .01 
2 .32 
2.75 
4.02 

2.30 
2.93 
3.68 
4.87 
9 36 

2 .16 
2. 71 
3 .34 
4 .32 
7.84 

2.06 
2 .54 
3,09 
3 .92 
6.78 

1.98 
2.J J 
2.89 
J .61 
6.02 

1.9) 
2.30 
2.73 
3.37 
5.44 

1.85 
2.2 1 
2.60 
3. 18 
4.99 

1.80 
2.14 
2.50 
3.02 
4.62 

1.76 
2.07 
2.40 
2.88 
>.3.\ 

1,72 
2 02 
2.32 
2.76 
4.08 

1.69 
1.97 
2.26 
2.66 
3 .87 

(Coutiuutd) 
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F critical values (continued) 

Dcgn.-cs of fn.:c.·dotni1l lhl' nurm.:r;Ho1· 

p I 2 3 4 5 6 7 g 9 

.100 

.050 
18 .025 

.010 

.001 

.100 

.050 
19 .025 

.010 

.001 

.100 

.050 
20 .025 

.010 

.00 1 

3.0 1 
4.-ll 
S.98 
8.29 

15.38 

2.99 
4.38 
S.92 
8.18 

15.08 

2.97 
4 .3S 
5.87 
8.10 

14.82 

2.62 
.,.ss 
4.56 
6.0 1 

10.W 

2.61 
3.52 
4.51 
5 .93 

10.16 

2.59 
3 .49 
4.46 
S.85 
9.95 

2.42 :?.2<J 2.20 2.13 
1.16 2.91 2 77 ~.66 
3.95 3.61 3 .. 18 3.22 
5.09 4.58 4.25 4.01 
8.49 7A6 6.81 6.35 

2.40 2.27 2.18 2.11 
3.13 2.90 2,74 2.63 
3.90 3.56 3.33 3.17 
5.01 4.50 4. 17 3 .94 
8.28 7,27 6.62 6.18 

2.38 2.25 2. 16 2.09 
3.10 2.87 2.71 2.60 
3.86 3.51 3.29 3.13 
4.94 4.43 4.10 3.87 
8.10 7.10 6.46 6 .02 

2 08 
2.SX 
3.10 
3.84 
6.02 

2.06 
2.54 
3.05 
3.77 
5.85 

2.04 
2.51 
3.0 I 
3.70 
5.69 

2.04 
2.~I 
3.01 
3.71 
5.76 

2.02 
2.48 
2.96 
3.63 
5.59 

2.00 
2.45 
2,91 
3.56 
S.44 

2.00 
2.46 
2.93 
3.60 
5.56 

1.98 
2.42 
2.88 
3.52 
5.39 

1.% 
2.39 
2.84 
3.46 
5.24 

.100 

.050 
21 .025 

.010~ 
.5 .001 
i: 
0 
C .100 
~.,, .0 50 
~ 22 .025-s .010 
.!: .00 1 
s 
~ .100
" .050 ~ 
~ 23 .025 
0 .010•• .001"Sb 
" .100" .0 50 

24 .025 
.0 10 
.llOI 

.100 

.050 
25 .025 

.OIO 
.00 1 

.100 
.050 

26 .01S 
.OIO 
.00 1 

.100 

.o=m 
27 .025 

.0 10 

.1)0 I 

2.96 
4.32 
S.83 
8.02 

14.59 

2 .95 
4 .30 
5.79 
7.95 

14.38 

2.94 
4.28 
5.75 
7.88 

14.20 

2.93 
4.26 
5.72 
7.82 

14.03 

2.92 
4 .24 
5.69 
1.n 

1.1.88 

2.91 
4,23 
5.66 
7.72 

13.74 

2.90 
4 .21 
5.63 
7.68 

13.61 

2.57 
3.47 
4.42 
5.78 
9.77 

2.56 
3.44 
4,38 
5.72 
9.61 

2.5 5 
3. 42 
4.35 
S.66 
9.47 

2 .54 
3.40 
4.32 
:;,6 1 
9.34 

2.53 
3.39 
4.29 
5.57 
9.22 

252 
1.37 
4.27 
~.S1 
9 l2 

2.5 1 
3.35 
4.24 
5.49 
9 .02 

2.36 2.23 2. 14 2.08 
3.07 2.$4 HB 2.57 
3.82 3.48 3.25 3.09 
4.87 4.37 .,1.()4 3 .8 1 
7.94 6.95 6.32 5.88 

2.35 2.22 2.13 2.06 
3.05 2.82 2.66 2.55 
3.78 3 44 3.22 3.05 
4.82 4.31 .l.99 3 .76 
7.80 6.8 1 6. 19 5.76 

2.34 2.21 2. 11 2.05 
3.03 2.80 2.64 2.53 
3 .7S 3.4 1 3.18 3.02 
4 .76 4.26 3.94 3.7 1 
7 67 6.70 6.08 5.65 

2 .33 2.19 2.10 2.04 
3.0 1 2.78 2.62 2.51 
3.72 .l.38 3.15 2.99 
4.72 4.22 1.90 J .67 
7.55 6.59 5.9S 5.55 

2.32 2. 18 2.09 2.02 
2.99 2.76 2.60 2.49 
3.69 3.35 3.13 2.97 
4 .68 4.18 .l.85 3 .63 
7.-15 6.49 SAW 5.46 

UI 2.17 2.08 2.0I 
2.98 2.74 1.:w 2.47 
3.67 333 3.10 2.94 
4.64 -1 14 3.82 1,59 
7 .16 6.41 5.80 5.~8 

2.30 2.17 2.07 2.00 
2.96 2.71 2.:n 2.46 
3.65 3.31 3.08 2.92 
4.M 4 .1 1 3.78 3.50 
7.27 6 .13 5.i] :'Ul 

2 .02 
2.49 
2.97 
3.64 
5 .56 

2.0 1 
2.46 
.2.Y3 
3.59 
5.44 

1.99 
2.44 
2.90 
3.54 
5.33 

1.98 
2.42 
2.87 
J.SO 
5 .23 

1.97 
2.40 
2 .85 
3.46 
S.15 

1.9<\ 
2.39 
2_s2 
142 
'>.07 

1.95 
2.:n 
2.80 
3.39 
=;.oo 

1.98 
1,42 
2 .87 
3.51 
5.31 

1.97 
2.40 
2.84 
3.45 
5.19 

1.91 
2 .37 
2.81 
.1.41 
5.09 

1,94 
1.36 
2.78 
3.J6 
4 .99 

1.93 
2.34 
2.75 
3.U 
4.91 

1.92 
2.32 
2.73 
3,2'-:t 
4.~.l 

I.YI 
2.31 
2.71 
3.26 
4.76 

1.95 
2.37 
2.80 
340 
5 .11 

1.93 
2.34 
2.76 
.l .. lS 
4.99 

LY2 
2 .32 
2.73 
3.30 
4.89 

1.9 1 
2.30 
2.70 
3.26 
4 .80 

1.89 
2.28 
2 .68 
1.22 
4.71 

1.88 
2.27 
1.b5 
3.18 
4.M 

1.87 
2.25 
1.63 
3.15 
4.57 
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Tables j T-17 

;:;____..,, .·-c .. ..- -- •·· •- · - ·- - - -;e•·-, ·- .-.- -- ~- ......--• ,;:.,~... ·.•.-.. 

F crit ical va lue s (cont,n,ie,d) 

T>t·t,.'l·cc:so( fn:('dc>m in tht numc:1•,11,.w 

10 12 15 20 25 .lO 40 :;o Ml 1l() 1000 

1.98 
2.41 
2.X7 
3.5 1 
5.39 

1.93 
2.34 
2.77 
3.37 
5. 13 

1.89 
2.27 
2.67 
3.23 
4. 87 

1.84 
2. 19 
2.56 
3.08 
4.59 

1.80 
2.14 
2.49 
2 .98 
4 42 

1.78 
2 .11 
2 .44 
2 .92 
00 

1.75 
2.06 
2 .. 3$ 
2.84 
4. 15 

1.7~ 
2.()4 
2.35 
2.78 
4.06 

1.72 
2 .02 
2.32 
2.75 
4.00 

1.69 
1.97 
2.26 
2 66 
3.84 

1.66 
1.92 
2.20 
2 .58 
3 .69 

1.96 
2.38 
2.82 
3.43 
5. 22 

1.9 1 
2.31 
2.72 
3 .30 
4,97 

1.86 
2.23 
2 .62 
3 .15 
4.70 

I.S I 
2.16 
2.51 
3.00 
4 .43 

1.78 
2 .11 
2.4 4 
2.9 1 
4.26 

1.76 
2.07 
2.39 
2.84 
4 .14 

1.73 
2.o3 
2.33 
2.76 
3 .99 

1.71 
2.00 
2.30 
2.71 
3.90 

1.70 
1.98 
2.27 
2.67 
3.84 

1.67 
1.93 
2.20 
2.58 
3.68 

1.64 
1.88 
2. 14 
2.50 
3.53 

1.9~ 
2.35 
2.77 
3.37 
S.08 

1.89 
2.28 
2.6X 
3 .23 
4.82 

1.84 
2 .20 
2.57 
3 .09 
4 .56 

1.79 
2.12 
2.46 
2.94 
4 .29 

1.76 
2.07 
2.40 
2.84 
4.12 

1.74 
2.04 
2.35 
2.7~ 
4.00 

1.71 
1.99 
2.29 
269 
3.86 

1.69 
1.97 
2.25 
2.64 
3.77 

1.68 
1.95 
2.22 
2.61 
3,70 

1.64 
1.90 
2 .16 
2. 52 
3.54 

1.6 1 
1.85 
2.09 
2.43 
3 .40 

1.92 
2.32 
i.73 
.1.31 
4.95 

1.67 
2.25 
2.64 
3. 17 
4 .70 

1.83 
2 . 18 
2.53 
3.03 
4.44 

1.7g 
2. 10 
2.42 
2.88 
4. 17 

I. 74 
2.05 
2.36 
2.79 
4 .00 

1.72 
2 .0 1 
2.31 
2.72 
3.88 

1.69 
1.96 
2.25 
2.64 
3.74 

1.67 
1.94 
2.21 
2 .58 
3.64 

1,66 
1.92 
2. 18 
2.55 
3.58 

1.62 
1.87 
2.11 
2.46 
3.42 

1.59 
1.82 
2.05 
2.37 
3.28 

1.90 
2.30 
2.70 
3.26 
4.83 

1.86 
2 .23 
2.60 
3.12 
4 .58 

I.HI 
2.15 
2.50 
2 .98 
4.33 

1.76 
2.07 
2.39 
2.83 
4.06 

I. 7 3 
2.02 
2.32 
2.73 
3.89 

1.70 
1.98 
2.27 
2.67 
3 .78 

1.67 
1.94 
2.2) 
2.58 
3 .63 

1.65 
I.9 1 
2. 17 
2.53 
3.54 

1.64 
1.89 
2 .14 
2 .50 
3.48 

1.60 
1.84 
2.08 
2.40 
3 .32 

1.57 
1.79 
2.01 
2 .32 
3.17 

1.89 
2.27 
2.67 
3.21 
4.73 

1.84 
2 .20 
2.57 
3 .07 
4.48 

1.80 
2 .13 
2.47 
2.9., 
4.23 

1.74 
2.05 
2.36 
2.n 
3.96 

1.7 1 
.:?.OO 
2.29 
2.69 
J.79 

1.69 
1.96 
2.24 
2.62 
3.68 

1.66 
1.9 I 
2 IS 
2 .. 54 
3.53 

1.64 
1.88 
2. 14 
u i 
3.44 

1.62 
1.86 
2. 11 
2.45 
3.38 

1.59 
1.81 
2 04 
2.35 
3.22 

1.55 
1.76 
1.98 
2 .27 
3.08 

1.88 
2.25 
2.64 
3.17 
4 .M 

I.SJ 
2. 18 
2.54 
3.03 
4 .J9 

1.78 
2. 11 
2.44 
2.89 
4. 14 

I. 73 
2.03 
2.33 
2.74 
3.87 

1.70 
1.97 
2.2~ 
2 .64 
3.71 

1.67 
1.94 
2.21 
2.58 
3.59 

1.60 
1.89 
2.15 
2.49 
3.45 

1.62 
1.86 
2, II 
2.44 
.l .. l6 

l.6 1 
l. 84 
2.08 
2.-:10 
3 .29 

1.57 
1.79 
2.01 
2.31 
3.14 

1.54 
1.74 
1.94 
2.22 
2.99 

1.87 
2 .24 
2 .61 
3.1.l 
4.56 

I.H2 
2 . 16 
2.51 
2.99 
4..ll 

1.77 
2.09 
2.41 
2.85 
4 .06 

1.72 
2.0 I 
2.30 
2. 70 
3.79 

1.68 
1.% 
2.23 
2.60 
3.63 

I .M, 
1.92 
2. 18 
2.54 
3.52 

1,63 
i. 87 
2 .12 
2 .45 
3.37 

1.61 
1.84 
:?.OS 
2.41) 
.'.28 

1.59 
1.82 
2 05 
2 .36 
J.22 

1.56 
l. i 7 
1.98 
2.27 
.l.06 

1.52 
1.72 
1.9 1 
2 .18 
2 .91 

LS(, 
2.22 
2.59 
3 .09 
4.48 

1.81 
2. 15 
2.49 
2.96 
-L24 

1.76 
2.07 
2.39 
2.8 1 
-1.99 

I 7 1 
1.99 
2.28 
2.6(> 
,}.72 

1,67 
1.9-1 
2.21 
2.57 
;l ,';6 

1.6.5 
1.9() 
2. 16 
2.50 
1.44 

1.r,1 
UtS 
2.09 
2.42 
.>.lO 

1,59 
l.~2 
1 .05 
2.36 
J.21 

1.58 
1.80 
2.03 
2.:n 
3 .15 

L54 
1.75 
1.95 
2 .23 
2 .99 

I.SI 
1.70 
1.89 
2. 14 
2.X4 

1.85 
2 .20 
2.57 
3.0~ 
4 4 1 

I.SO 
2. 1.1 
:?,47 
2.93 
4. 17 

1.75 
2.0(~ 
2. 36 
2.78 
.3.92 

1.70 
1.97, ,-_. .. :> 

2.63 
3.6(.-1 

l.ci6 
I 92 
2.18 
2 .5~ 
3 ,19 

1.64 
I.SK 
2.13 
2.47 
3.JS 

1 . .;o 
Ul 4 
2 .07 
2.3R 
3 23 

158 
l.~I 
::.03 
2.33 
.l l .i 

I 57 
1.79 
2 00 
2 .l9 
.lOR 

1.53 
1.73 
1.93 
2.20 
2,92 

1.50 
1.68 
I.S6 
2 .11 
2.n 

(Comirwed) 



T-18 l Tables 

- --,•., ...... ' . ··•• :."- - _--:·- .· "·'- ,. _,._._ -. -...,- : .. •· •. !• -C- -:"' ,.._ : · , -- , ---~ · -- . .... - . : ·_• "\i.._~~=1~ -.--
F crit ical values ((Ontinued) 

DcgrL"C~ of frt:c.~don, iri 1hc m1mc;:raw•· 

µ I 2 J 4 ' 6 7 8 9 

. 100 2. 89 2.50 2.29 2. 16 2.06 2.00 1.94 1.90 1.87 

.050 4. 20 3.34 2.95 2.71 2.56 2.45 2.36 2 .29 2.24 
28 .025 :>,61 4.22 3.63 .l.29 .l.06 2.90 2.78 2.MJ 2.6 1 

.OIO 7.64 5.45 4.57 4 .07 .DS 3.53 .l.36 3.23 3. 12 

.001 13.50 8.93 7.19 6.25 '>.66 5.24 4,93 4.69 4.50 

.100 2.89 2.50 2.28 2. 15 2.06 1.99 1.93 1.89 1.86 
? --.050 4. 18 3.33 2.93 2.70 _ ,;"l ;'I :?.43 2 .35 2.28 2.22 

29 .025 5.59 4,20 3.6 1 .l.27 3.04 2 .88 2.76 2.67 2.59 
.010 7.60 5.42 4. 54 4 .04 3.73 3..50 3.33 3.20 3.09 
.001 13.39 8.85 7 .J2 6. 19 5.59 5. 18 4.87 4.64 4.45 

.100 2.8S 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 

.050 4. 17 3.32 2.9 2 2.69 2.53 2.42 2.33 2.27 2.21 
31) 025 5.57 4 .18 .3.5~ 3.25 3.03 2.$7 2.75 2i>5 2.57 

.0 10 7. 56 5.39 4 .51 4.02 3.70 3.47 3.30 3.17 3.07 
.00 1 13 .29 8.77 7 .05 6.12 5.53 5.12 4,82 4 .58 4.39 

. 100 2 .84 2.-l.:I 2 .23 2.09 2.00 1.93 1.87 1.83 1.79 

.050 4 ,08 3.23 2.84 2.td 2.45 23 4 _,_? ?";:i 2.18 2 .12 
~ 40 .025 5.4 2 4.05 346 .J.13 2 .90 2.74 2.62 2.5.1 2.45 

.0IO 7.31 S.18 4 .. 11 3.83 3.5 1 3.29 3 .12 2.99 2.89 ~ 

.00 1 12.61 8.25 6.59 5.70 5 .13 4 .73 4.44 4.21 4.02 .,," g 

. 100 2.81 2.41 2.20 2.06 1.97 1.90 1.84 1.80 1.76 

" 
g 
u 

.050 4.03 3.18 2. 79 2.56 2.40 2.29 2.20 2. 13 2.07 so .025 5.34 3.97 3.39 3.05 2.83 2.67 2.55 2.46 2.38 .s .010 7. 17 5.06 4 .20 3 .72 3.41 3. 19 3.02 2.89 2.78.E .001 12.22 7.96 6.34 5.46 4.90 4.5 1 4.22 4.00 .3.82 
§ 

.100 2.79 2.39 2. 18 2.0 4 1.95 1.87 1.81 1.77 1.741l 
_g .050 4 .00 3.15 2.76 2.53 2.37 2.25 2.17 2. 10 2.04 

60 -025 5.29 3.93 3 .34 .3.01 2.79 2.63 2.51 2.4 1 2.330 
.010 7.08 4.98 4 .13 Jh5 .J.34 ~.12 2.9S 2.82 2.72u"' u .001 11.97 7.77 6. 17 5.3 1 4.76 4.37 4.09 3.86 3.69•.,, 

u;:, .100 2.76 2.36 2.1-1 2.00 1.9 1 1.83 1.78 1,73 1.69 
.050 3.94 3.09 2 .70 2.46 2.3 1 2.19 2 .10 2.03 1.97 

100 .025 5.18 3.83 3.25 2.92 2.70 2.54 2.42 2.32 2.24 
.010 6.90 4.82 3 .98 3.51 3 .2 1 2 .99 2.82 2.69 2.59 
.00 1 11.50 7.4 1 5 .86 5.02 4.4S 4.11 3 83 3.61 3.44 

. 100 2.73 2 . .1.1 2.1 I 1.97 1.88 1.80 1.75 1.70 1.66 

.050 3.89 3.U4 2.65 2.42 2.26 2. 14 2 06 1.98 1.9.l 
200 ms 510 3.7b 3. 18 2.85 2.63 2.47 2.35 2.26 2.18 

.0 10 6.76 •t71 3.88 3.41 3 .11 2.iw 273 2M 2.50 

.00 I I I. I S 7.15 s.~., 4,81 4.29 .l .92 1.05 .l.4\ 3,26 

. IO0 2.7 1 2.31 2.09 1.95 1.85 1.78 1.72 1.68 1,64 

.oso 3.X,;;; 3.00 2.6 1 2.18 2.22 2. 11 2.02 1.95 Ui9 
1000 -025 5.04 3.70 3. 13 .:!.80 2.58 2.'12 2.30 2.20 2 .13 

.010 6 .66 •163 .1.80 .l.34 3.04 2.82 2,66 2.53 2.4.1 

.WI IO.H9 6.96 S.46 .:1.65 j.14 3.78 3.51 .1.30 .1. 13 



Tables l T-19 

F critical values (cont inued) 

Oegl'L'C'i ol rn:ec.l11n1 i11dw m.1111c1-.111.11 

10 12 15 20 25 111 40 so 60 120 1000 

1.84 I. 79 1.74 1.69 1.65 1.63 1.59 1.57 1.56 1.52 1.48 
2.19 2.12 2 .04 1.9(, 1.91 1.87 1.82 1.79 J.77 1.71 1.66 
2.5.5 2.45 2.14 2.23 2.l6 2.11 2.05 2.01 1.98 1.91 1.H4 
3.03 2.90 2.75 2.60 2.51 2.-14 2.35 2.30 2.26 2 17 2.08 
-1.3.5 4. 11 3.86 3.60 3.43 3.32 3. 18 3.09 3.02 2 .86 2.n 

1.83 1.78 1.73 1.68 1.(14 1.62 1.58 1.56 l.55 1.5f 1.47 
2 .18 2.10 2 03 1.94 1.89 1.83 1.81 1.77 !.75 1.70 1.65 
2.53 2.43 2 .32 2.21 2.14 2.09 2.03 1.99 1.96 1.89 1.82 
3.00 2.87 2.73 2.57 2.48 2.41 2.33 2.27 2.23 2.14 2.05 
.J.29 4.05 3.80 3.54 3.38 3.27 3. l2 3.03 2.97 2.81 2.66 

1.82 1.77 1.71 1.67 1.63 1.61 1.57 1.55 1.54 1.50 1.46 
2 .16 2.09 2 .01 J.93 1.88 1.84 1.79 1.7b 1.74 I 68 1.63 
2.51 2.41 2.31 2.20 2 .12 :?.07 2.0 1 1.97 1.94 l.H7 J.80 
2 .98 2.84 2.70 2.55 2.45 2.39 2 . .30 2.25 2.21 2.11 2 .02 
4.24 4.00 3.75 349 3.33 3.22 3.07 2.98 2.92 2.76 2.61 

1.76 1.71 1.66 1.61 1.57 1,54 I.SI 1.48 1.47 1.42 1..18 
2.08 2.00 1.92 J.84 1.78 1.74 1.69 1.66 1.64 1.58 1.52 
2.39 2.29 2.18 2 .07 1,99 1.94 1.88 1.83 1.80 1.72 1.65 
2.80 2.66 2.~2 2.37 2.27 2.20 2 . 11 2.06 2.02 1.92 1.82 
3.87 3.64 3.40 314 2 .98 2.87 2.73 2 .64 2.57 2.41 2.25 

1.73 1.68 1.63 1.57 1.53 1 .. 50 1.46 1.44 1.42 1.38 1.33 
2.03 1.95 1.87 I 78 1,73 1.69 1.63 1.60 I.SR 1.51 l.45 
2.32 2.22 2.11 1.99 J.92 1.87 1.80 1.75 I.72 1.64 1.56 
2.70 2 .56 2.42 2.27 2.17 2. 10 2.0 I 1.95 1.91 1.80 I 70 
3.67 3.44 3.20 2.95 2 .79 2.68 2 .53 2.44 2.38 2.21 2.05 

1.71 1.66 1.60 1.54 1.50 1.48 1.44 1.41 1.40 1..15 1.30 
1.99 1.92 1.84 1.75 1.69 1.65 1.59 1.56 1.53 1.47 1.40 
2.27 2.17 2.06 1.94 1.87 1.82 1.74 J.70 1.67 1.58 1.49 
2.63 2.50 2.35 2 .20 2 .10 2.o3 1.94 1.88 1.84 1.73 1.62 
3.54 3.32 3.08 2.83 2.67 2.55 2.41 2.32 2.25 2.08 1.92 

1.66 1.61 1.56 1.49 1.45 1.42 I .J8 1.3\ U4 1.28 1.22 
1.93 1.85 1.77 1.¢8 1.62 157 1.52 1.48 1.45 J.38 1.30 
2.18 
2.50 

2.08 
2.37 

1.97 
2 .22 

l.8S 
2 .07 

1.77 
1.97 

1.71 
1.H9 

1.64 
1.80 

1.59 
1,7� 

1.56 
1.69 

1.46 
1.57 

1.36 
1.45 

3.30 3 .07 2.84 2.59 2 -'·' 2.32 2.17 2.0~ 2.01 1.8.l 1.64 

1.63 1.58 I Sl I 46 1.41 1.38 I .J4 1.31 129 1.23 I. 16 
1.88 1.80 1.; 2 1.62 1.56 15 2 1.46 1.41 1..19 1..10 1.21 
2. 11 l.01 1.90 1.78 1.70 1.64 1.56 1.51 1.47 1.37 1.25 
2.41 2.27 2.13 1.97 I 87 1.79 1.69 1.63 1.58 1.4' 1.30 
3.12 2.90 2.67 2A2 2 .26 ~.15 2.00 I.90 1.83 1.64 1.43 

1.61 1.55 1.49 1.4.l 1..18 1.35 uo 1.27 1.25 1.18 1.08 
1.84 1.76 1.68 I 58 I 52 1.47 1.41 1..16 1.:n 1.24 I. II 
2.06 1.96 1.8:\ I. 72 1.64 I :i8 1.50 l ,H 1.4 1 1.29 1.13 
2.3 4 2.20 2.00 1.90 I 79 1.72 '·"' 1.54 1.50 1.35 1.16 
2.99 2,77 2.54 2.30 2 14 2.02 1.K7 1.77 1.69 1.49 1.22 



·.. 

x2 distr ibutio n critical v,,lues 

Tail probability 11 

df .25 .20 .JS .JO .Os .025 .02 .OJ .005 .0025 .001 .0005 

J 1.32 1.64 2.07 2.71 3.84 5.02 5.41 6.63 7.88 9.14 10.83 12.12 
2 2.77 3.22 3.79 4.61 5.99 7.38 7.82 9.21 10.60 11.98 13.82 15.20 
3 4.1 I 4.64 5.32 6.25 7.8 1 9 .35 9 .84 11.34 12.84 14.32 16.27 17.73 
4 5.39 5.99 6.74 7.78 9.49 11.14 11.67 13.28 14.86 16.42 18.47 20.00 
5 6.63 7.29 8.12 9.24 I 1.07 12.83 13.39 15.09 16.75 l 8.39 20.51 22.11 
6 7.84 8.56 9.45 10.64 12.59 14.45 15.03 16.81 18.55 20.25 22.46 24.JO 
7 9.04 9.80 10.75 12.02 14.07 16.01 16.62 18.48 20.28 22.04 24.32 26.02 
8 10.22 I 1.03 12.03 13.36 15.51 17.53 18.17 20.09 2).95 23.77 26.12 27.87 
9 11.39 12.24 13.29 14.68 16.92 19 .02 19 .68 2 1.67 23 .59 25 .46 27.88 29.67 

10 12.55 13.44 14.53 15.99 18.31 20.48 21.16 23.21 25 . 19 27.1 I 29.59 31.42 
11 13.70 14.63 15.77 17.28 19.68 21.92 22.62 24.72 26.76 28 .73 31.26 33.14 
12 14.85 15.81 16.99 18.55 21.03 23.34 24.05 26.22 28 .30 30 .32 32.91 34.82 
13 15.98 16.98 18.20 19.81 22.36 24.74 25.47 27.69 29 .82 31.88 34.53 36.48 
14 17.12 18.15 19.41 21.06 23.68 26.12 26.87 29.14 31.32 33.43 36.12 38.11 
15 18.25 I 9.31 20.60 22.31 25.00 27.49 28.26 30.58 32 .80 34.\15 37.70 39.72 
16 19.37 20.47 21.79 23.54 26.30 28.85 29.63 32.00 34.27 36.46 39.25 41.31 
17 20.49 21.61 22.98 24 .77 27.59 30. 19 3 1.00 3.M I 35.72 37 .95 40.79 42 .88 
18 2 1.60 22.76 24.16 25.99 28.87 3 1.53 32.35 34.8 1 3 7.16 39 .42 42.31 44.43 
19 22.72 2 3.90 25.33 27.20 30.14 32.85 33.69 36.)9 38 .58 40.88 43.82 45.97 
20 23.83 25.04 26.50 28.41 31.41 34. 17 35.02 37.57 40 .00 4234 45.31 47.50 
21 24.93 26.17 27.66 29.62 32.67 35.48 36.34 38.93 41.40 43.78 46.80 49.01 
22 26.04 27.30 28.82 30.81 33.92 36 78 37.66 40.29 42.80 45.20 48.27 50.51 
23 27.14 28.43 29.98 32.01 35.17 38.08 38.97 41.64 44.18 46.62 49.73 52.00 
24 28.24 29.55 31.13 33.20 36.42 39.36 40.27 42.98 45.56 48.03 51.18 53.48 
25 29.34 30.68 32.28 3 4.38 37.65 4065 41.57 44.3 1 46.93 49.44 52.62 54.95 
26 30.43 31.79 33.43 35.56 38.89 4 1.92 42.86 45.64 48.29 50.8.'\ 54.05 56.41 
27 31.53 32.91 34.57 36.74 40.J I 43.19 44.14 46.96 49 .64 52.22 55.48 57.80 
28 32.62 34.03 35.71 37.92 41.34 44.46 45.42 48.28 50.\19 53 59 56.89 59.30 
29 33.71 35.14 36.85 39.09 42.56 45.72 46.69 49.59 52.34 54.97 58.30 60.73 
30 34.80 36.25 37.99 40.26 43.77 46.98 47.96 50.89 53.67 56 .. 13 59.70 62.16 
40 45.62 47 .27 49.24 5 1.8 I 55.76 59.34 60.44 63.69 66 .77 69.70 73.40 76.09 
50 So.33 58. 16 60.35 63.17 67.50 7 1.42 72.61 76.1S 79 .49 82 .66 86.66 89.56 
60 66.98 68.97 71.34 74.40 7\1.08 83.30 84.58 88.38 91.95 95.34 99.61 102.7 
80 88.13 90.41 93.11 96.58 101.9 106.6 10S. I 112..'\ 116.3 120. J 124.& 12&.3 

100 109.1 I I 1.7 114.7 118.5 12~.3 129.6 131.1 135.8 140.2 144.3 149.4 15.'\.2 

T 20 l Tables 

·rli'Jm 

'-- Probability p 
Table entry for p is the 
crit ical value 1x2 i• with 
probability plying to its 
right. 
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