Bt

5 g

T
e




TECHNICAL REPORT SERIES
¥ B B & 8 £

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and
affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC 2 EHF, ABCCOHAABIURAMMBE, WM, B8a, HF2 L 02

BOMGEEAEOERCG L2200 LB L2808 TH5. SFRMETEZRL CHaf 0
R AR RO R I




TECHNICAL REPORT
22-68

¥ & B & ¥

Approved 7% 14 November 1968

NUMERICAL COMPARISON OF IMPROVED METHODS OF TESTING
IN CONTINGENCY TABLES WITH SMALL FREQUENCIES

NEHOHBERIIHTIRENOYURICE T 2 HEOLER

NARIAKI SUGIURA ! #% i i i3
MASANORI OTAKE? K17 IF i@

Amﬁcc

ATOMIC BOMB CASUALTY COMMISSION
HIROSHIMA AND NAGASAKI, JAPAN

A Cooperative Research Agency of
U.S.A. NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL

and
JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE
with funds pravided by
U.5.A. ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
U.5.A. PUBLIC HEALTH SBERVICE

E # % ¥ B ¥ ¥ B %

Ll & & U

kE 2 LB - ¥R EEEEEEETTN®HEREMN
oD kERBEFERME

KERFLEAE, WEGELTHREFRANSL L CRELRHERORRERIZE S

Department of Mathematics, Hiroshima University Faculty of Science ! and ABCC Department of Statistics *
LRk EBENHEE, ! ABCCHRIET?®



ACKNOWLEDGMENT
BEOz &LiE

The authors wish to express their gratitude to Mr. S. Ueda, Ministry of Foreign Affairs
and to Dr. C. E. Land, ABCC, for their valuable suggestions. They also thank Miss
Futagami, Computing Laboratory, Hiroshima University for her computational help.

IORMIXIIHLT, BEZFRBr VAR 0A WES RS K, ABCC # il Dr.Charles
E.Land CEBBEOEL £+ 3, 612, LBRFHESE @2 I23K 12, FEOBUIZH L
THRH+ 5.

A paper based on this report appeared in the following journal:

ARG RETLBLETREOMIE :HBH c .

Annals of the Institute of Statistical Mathematics, Vol. 20 No. 3, 1968



NUMERICAL COMPARISON OF IMPROVED METHODS OF TESTING
IN CONTINGENCY TABLES WITH SMALL FREQUENCIES
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Introduction and summary

The significance levels of various tests for a general exk contin-
gency table are usually given by large sample theory. But they are not
aceurate for the one having small frequencies. In this paper, a numer-
ical evaluation was made to determine how good the approximation of
significance level is for various improved tests that have been developed
by Nass [1], Yoshimura [2], Gart [3] ete. for exk contingency table
with small frequencies in some of cells. For this purpose we compared
the significance levels of the various approximate methods (i) with those
of one-sided tail defined in terms of exacl probabilities for given mar-
ginals in 2x2 table; (i) with those of exaet probabilities accumulated in
the order of magnitude of #* statistic or likelihood ratio (=LR) statistic
in 2%3 table mentioned by Yates [4]. In 2x2 table it is well known
that Yates' correction gives satisfactory result for small cell frequencies
and the other methods that we have not referred here, can be consider-
ed if we devote our attention only to 2x2 or 2xk table. But we are
mainly interested in comparing the methods that are applicable to a gen-
eral exk table. It appears that such a comparison for the various im-
proved methods in the same example has not been made explicitly, even
though these tests are frequently used in biological and medical research.

Qur numerical experience shows the following facts. The approxi-
mate significance levels due to Gart [3] and the modified Dandekar’s
method are somewhat better than the others for 2x2 tables, though
they are somewhat too small for exact levels in the range one to five
percent. The method of Gart [3] is conservative for 2x3 tables, but
the others are not always conservative. The corrected LR statistic by
Yoshimura [2] is always a little better than the LR statistic. However,
the approximate significance level of the LR statistic was always smaller
than the others except for tables having comparatively large marginals.
The other methods that we investigated give almost the same results as
the standard #* test. The method of Nass [1] proved not to give as good
an approximation as he conjectured,

The following notation of observed frequencies for a exk econtin-
gency table is used throughout this paper.

Ky X, -0
DD CHEE

X Xa oot

Xy Ko oor

Description of methods with numerical comparisons in Raoo's example

Rao ([5], p. 202) considered the following 22 table, testing whether
the ecity soldiers are more sociable than village soldiers. In this example,

REBLUEW

gD exk SEECIHTIHELsOBETE, FAKEERRICEL
ST, HEKEAEUMIZED ST VAN, DEHEL>—RO
SEIEIIHTAEEABTE, F0EMEEA L. CTORITH
H3CellDVE adzhEHELD exk FEIFEIZHL T,Nass'
R Gart?, B HILEST HRAEhAHsOBREEN, il L
WiE A 52 AR PAND 00, HEMKEETE- A EE
OESHHELT, 2x2F0BEICIE, Hr0ElEof Rk
i) —EOEIEHOE L Texact probalilitieslz Ko THEHENIH
BAKHE (K ) L H8E L, 2502, 2xXx 3ROBEICIE, Yates*IZ X
STmesnaEHEsERALT, By 0EMAFRKREEE G) ¥
WAt s Huvis, RER(=LR)EHBOAE S OB CRHL 2
exact probabilities @ HEMRHEL T X o T WL 2 2% 2 EOBE
1203, YatesDWEA /D EH& bofElBod L TLniEMESZ
Az, E{AmoRATLS, TA2x2FLZVIE2xERILE
WTOHMOLEBAEF A L6, CORXTIML 245 toER
EANCONELSND A, MO cxk FEEBIHLCEMNTE
AL ELEMLNFES Y, T2 TRENFNZELTA D
Dryn—wmorBlECENTE 2 s 0EMER, EWES LU
EF#fEcse T LELERvshTwatheEs, RUABEIICY
LT, SBasnrfls@UEsBEALAZ0 LS & BIEMEEIT
TR Fabh Tk IR,

Bl R Eea s k- T, 2x28ROBEIZEGart® LHHIEL %2 Dandekar

DS Lo T AN FERBE, 1%~5% ORI

T, L3 L fexact probabilities D HERBLH AT A0 Lk
WPeES5zTwvgwn, LiAL, 2he0EEIIESAERBIE, M
OEREED B RALEVIELHERL TV S, Gart? D HiEIE, 2 X
3#Ic# L TF N TeonservativeT H 5 47, L ik 4L &
conservative C AV, AHYID L o THIE & 2 L LR, 3938
OEELFHELDBFHATHEH, HBIZLVEHUESZ T 5,
LanLZeds, CEERKHRBESGOEMELD, HCDhEOFEK
HAERLTWLWAN, REM ks B ELD, 2x 2 aHl#EL
HLTIE, Rg-hmiid,. bhbndkel LfhoinHEGd
SEOLHHMEEEAYRIUEEERL A Nass' O FEE 21
AREE L LSz, FuiEli 5L s v I b d ol

exk SGEIZCIHTIEMERL, oBTEELTROLEI S
ERERVA,

BeDiFElEk e RacDFITEIC & 3 HiEA HEE

RaosBHIZHSOEA LB EOEA I 0T, HERCEN
harEIDDHREEMI-LY, KD &) a2x2R/EFLL

Sociable Nonsociable Taotal
City soldiers 13 4 17
Village soldiers ] 14 20
Total 18 18 a7

he compared the various improved techniques for small frequencies with
the exaet method, that is, the one sided tail probability (X,=0~4) for
fixed marginals is given by equation (1) and the approximate significance
levels of the other methods described by him are shown in (2)~(5).

ZOMBEIZECT, Rao B EHELoGEIBIIHLT, &BL
e A MERELEMLE, Thbhb, —EORALGH
DhET, EH4OLZIAE32,1,0,tWMA L L EORMBE
(Xa= 0~4 )&, ABANIZL->TH 2515, &8512,Rao it
i) HEE2)~(5IO R T ERERRL T3,



(1) exaet probability =0.0059

(2) i test, P(y'>>7.9435)/2=0.0024

(3) Yates' correction, P(y*>6.1922)/2=0.0064

(4) LR test, P(—2log 1>>8.2811)/2=0.0020

(5) Dandekar’s correction, P(y'>6.1086)/2=0.0068.

These results show that ' method (2) and LR method (4) do not give
satisfactory approximation and that Yates' eorrection (3) and Dandekar’s
correction (5) are fairly good. Bul Yates' correction as well as Dan-
dekar's cannot be extended to a general exk table. We shall investi-
gate some other techniques applicable to ¢xk tables and giving better
approximations in this example.

(6.) Corrected LR statistie. Yoshimura [2] ealeulated the corree-
tion factor K for the LR statistic, —2log 2, such that the first and the
second conditional moments for given marginals of the statistic, —2K log 1,
are equal to those of the yi_,,-, distribution up to the order of 1/N,
that is,

—2Klog 1= —2K{j
i=l

(1) #% HE =10.0059

2) P, Pl >7.9435)/2=10.0024

(3] Yates®HIE, P (2 >6.1922)/2=0.0064

[4) AFEHRHE, P(-2log i >8.2811)/2=0.0020
(5} Dandekar®#ilE, P{x >6.1086)/2=0.0068

IHOMERILWER S LU, RERBEQLME 2L S 2
GBIl rdhdhd —F, Yates®H EE)E Dandekar G IE5) 1,
AN LR &S5 2 T v A, L4 L Dandeker @¥EIE & [EHEL, Yates
DHMES —MD exk FEBCHEBTAIL3TERY, LN
T, ZORaoD MBIz LT, LD Liifld 52, LAd—Hoe
Xk GEEFCIHLTLERTEAMMO VS 22D FEEE~NS,

6) KER#KHROME FHIG—20@MEHOL LT HH
fit - 2Klog 2 MMGEM P& & A, 1/N Dorder F THIRG 4
Tenen DENS E—H+ A & 500, LELEIRE -2 log 17124
FAMIER T KEIEL L

(3 -
>} Xy log Xy — 53 X, log X

21
=1

—fe‘_lX.,]og)C,-i—NlogN]

where 2/ L

3 A

K=1—[N(e—1)(k— 1] (N 3 X'~ 1.:1 {Nz X3'-1).

Then he proposed using the statistic —2Klog 1, which is approximately
distributed according to the yl_ .., distribution. In Rao's. example,
K=0.95906 and P(—2K log 1>7.9421)/2=0.0024. The accdracy of this
correction gives the same significance level as that of the 3* method (2),
though it is a little better than the LR method (4).

(7) Correction of 5 statistic. We shall determine the correction
factors a and b such that the first and the second conditional moments of
the statistic ay*+b are equal to those of . .., distribution. The con-
ditional moments of the ' statistic are given by Haldane [6].

.

=1 4

ZOHEE, - 2K logd EEZF, EHMCEHE (c-1)E-1)
DE-FHIEI ZLERL L, Rao OB THEF LK
= 0.95906, P(—2Klog 4 >7.9421)/2=0.0024& & 3. ZOfIEEE
EEREBEA LD, HTFdItEl{ 2TV aH, f-BEQERL
FREOELTS 5.

7 Aot 2EE HER e +b ORIEM T E LU
e, FRIRGAS Henay DERS E—HFT S L5 15, WERT a &
b HEH S, 0 HAROMBEMAME L, Haldane® 12 S5 TH D
s5hTw3,

E=E[¢|X., X, J=NN-1)"(e—1)(k—1),

E=FE'| X, X =N [(N-1)(N-2)(N-3)]"!
A+ AN+ A4,NY,

Ag=(e=1)(k—1)+2(c—1) (k—1) ,

A= —4(e—10{k—1)+ck*+2ekc — 2 — (k4 2k —2)N i X:

— +2¢-2)N,;§J_11 X.;’+N*{§ x) (; X.;') :

Ay=ckle—2) (k—2) +k(k—2)N 3 Xi."+c(c—2)N’é] x;

+N=(g x.:l)(_gx;').

Then we get a=[2(c—1})(k—1)/(E;—E)]"* and b=(c—1)(k—1)—aE,, re-
garding the statistic ay'+b as & g4, variate. In Rao’s example, a
=0.9864, b=0.01382 and Play'+5>7.8218)/2=0.0026, This correction is
slightly better than the y* method (2), though it is not satisfactory to
us.

(8) Method by Nass I. Nass[1] proposes to use the test statistic
ay' as a ¥} variate, where the quantities a and f are determined such
that the first and the second conditional moments of the statistic ey
are equal to those of the y} distribution, that is, a=2E(2E,—E}), f=
al, where E|, E, are given by (7). This method differs from the others
in that the test statistic has a y* distribution with non-integer number
of degrees of freedom. In order to get the tail probability for the 3}
distribution, we made use of the Chebyshev series expansions for gamma
functions mentioned by Clenshaw [7] and the continued fraction expan-
sion

EF A ls, Z0BHBACH S Tenon HHIZEI LI T, 6=(2
(e=1)k~-1)/ (B—E)"™ &b=(c-1)k=-1)-aE %
FHNIFEY, Rao DB THET AT, e=0.9864 b =
0.01382 & & 1, Pleg+b >7.8218) /2=0.0026 - & 5. L L4 - T
COHETLELBREFDT AL EABETLL® ) HATS
3,

(8) Nass M F . Nass'HiEHfter 0 1 KRB L2 RO HRMED
SHEL, BHEFO ¥ FHORGOEMBL —H LI E
Hal feEdT, Testiidtialds, BlifEFr oF ittt & L Tl
VAT EEMELTVS, T4hb, a=2E|2E—E}), f =aE T
B, LB (7 CREATVWA 4 TOHER, TXTHETS
ODEHEREELTELATVAN, Nass D HiEIE, HEBE LD L
ELESETELcapEHLYy. HBHESD ¢ SHEOEHHE
HHETALHIZ, Clenshaw’ I & o THEAG RN ¥ wMEChebyshey
MEBME LU, Gupta® Waknis® (21538 & 2o 50 o 808 ),




-“e*( crpa-tg, 1 l—a 1 2-a el
e+ 1+ =+ 1+

for 0<a<1, which is discussed by Gupta and Waknis [8]. In Rao's ex-

ample, a=1.0000, F=1.0278 and Play!>7.9439)/2=0.0025. This result is

almost the same as that for the ¥ method (2) and method (7).

(9) Method by Nass II. Nass [1] conjectured that his method (8)
would be improved, if he could use the test statistic, ay'+b, as if it
were distributed according to the y} distribution, where the parameters
@, b and f are determined such that the first three conditional moments
of ay’+b are equal to those of the y; distribution. In a 2xk table we
can check this conjecture by using the third moment given by Haldane
[9]. We shall write it after some rearrangement.

=E[*| Xe, X,]1=N{N -

DN=2)---(

2 8-—a n—1 n—a

4+ 1+ 4+ 1+
EEL, 0<a <1, #MVTAEL A, Rao OFIBEIZHL TEF
H+hif, a=1.0000, f=1.0278, P (ay; >7.9439)/2=0.0025,

COHERIEIRER S,
LRETH I

(9) Nass®HiE 1. Nass!iEtestdfftitar+ba 5l fio 546
RS ELT, M5 A=F—%3201LT, tOHIROI RO
fFo EfBEET—HELSLE5(2,a b, fEEDLIE HIEBLED
FLiEHAEZATHAI ETFHLE, 2x kB E 2w T I,
Haldane® £ D @ 3 RMHEARD S TV ED T, 24 - TNass
DFMEMATHEZILHNTES,
Haldane" MR e H x4 2 5 &,

COERLRMIC T A BRI L T LA L

x

or )]

w1+ +2 N,

— 2(30k* + 69k — 43) — 2(9k+4T)N ﬁ:} x5

+ N XX ) [ o

2ok 1
8k — 210 — 24k + 26+ (3k+ 19N ‘_‘__‘._lX,',’j »

= 120(3k —1)— 360N 3 X 3"+ 120N7 3 X 7*
=t i

4+ NYX Xy {5:;*— 5Tk — 266k 4120 + 3(9k+6TIN ;; b

_SONS X%
30N PHXI!T

£ N'(X._X,_)—*[ — 200+ 0k + 14k —12) 4 (3k+22)N ,ﬁl X3

= N, X,)7' 60Kk —2) — 80(k— 6)N 3 X' —90N" Jﬁ x.;*}

— N ) {6k (e—2) (k-+5)+ 2030+ 29N ; X3t

—~161\F‘;5:‘1X.;’}.

¢=—NY{X.X,)

=—4N{(X, X))

By using the moments K, together with E|, E, given by (7), we can
determine the three parameters as a=4m,/m,;, b=4m.(2mi—mm,) mi,
F=8mi/mi, where m=E, m,=FE—FE! and m,=E—3EE+2E}. In
Rao's example, a=1.0287, 5=0.03034, f=1.0877 and Play}+5>8.2022)/2
=0.0024. The result of this correction is again the same as that of the
y* method (2) and methods (6)~(8). This approximation method con-
jectured by Nass does not seem to be satisfactory too.

(10) Method by Gart 1. Gart [3] derived the modified LR statistic
Mjd, as a y* variate with (e—1)(k—1) degrees of freedom from an in-
teresting viewpoint of regarding the data value X, as parameters and
cell probabilities as random variables based on the equality connecting
the multinomial distribution with the multivariate Beta distribution.

M=%

i=1 j=1
[

Erlk(k‘ 4)—(21k— 20}:\:2,){ 11N z:x,l

“{Bk—ON 3 X5+ N ;"; x5

i
1

Mtk THEISNAMEE, EEZORMEESH T, 3200

G oA=& = a=d4dmlm,, b=4m, (2mi—mm,) fm?, S=8mi/m},

L, m.=E., m=E—FE'  wm=E—-8EE{2E. %*hHdZL

AT ES, RaoDABE Iz LT HHE S i, a=1.0287, b=0.03034,

S=1.0877 T Play'+b >8,2022)/2=0.0024 £ & 0, x BEE2) Lt

0)@:&‘6;*[817)4““”k’i&ﬁ.&m'&(‘56 NassDFHLAFEL
FhizXE{ G I BRIZES,

1 Gart® HET. Gart* W FES A& TR A & A
TA3EAZLEL, 79X, 60545 —LEL 5512, cel
OEFFEFEEH L EIZ 2Lk T, Blks 3 LELEHRD
HIE Mjd A EIHE e-1)k—-1) O A Az R 3 &L~

ﬁ‘. (22X, +1) log (2X,+1)— ‘ﬁ (2X,.+k) log (2X . +k)

=31 (2K, 40) log (X, +¢)+(2N +ck) log (2N +ck),

Fe1

1 £l 1 43 1
d=14 -5
So—1) 1) |85 2K, 1 S 2X. 1%
Bisy k.o 1
i 2X 4+c  2N4ck |’



We shall remark that this correction factor d contains random variables
Xy, which distinguishes this method from others. In Rao's example,
M=7.8096, d=1.0565 and P(M/d>7.3920)/2=0.0033. This result is some-
what better than the previous ones.

(11) Method by Gart II. Gart [3] also proposed to use the more
accurate correction factor d' instead of d in the method (10).

d,’=—]:. _[i ﬁ [1_
(e—1)(k—1) Li=zij= |
sl

IOHFER, MEEFTdORCHEERLEA TV S THO A
ERESTVS, Rao® B L THETHEE, M=7809,+d=
1.0565 & %, P(M/d >7.3920)/2=0.0033& % 3, 2Rz, I
BLAEOFERELEO O HAIVERETL T A,

1) Gart® HEN.Gart* 1k 2 S 2 HBETH G ABIER T 4o
SOEMAEMERAFdERHC3IZEI0koT, #REMLL

bz,
ZARLBELTUVA

o ___+;]"'
32X, +1) | B2X,+1F

1 ["

& 1___.1,.__+7
=0T 32X +h) SN 1k

(R

[
(

1

+
e

In Rao's example, d'=1.0562 and P(M/d'>7.9944)/2=0.0033. The result
of this correction iz the same as that of the method (10). The differ-
ences between methods (10) and (11) will be seen in another example

later,

(12) Modified Dandekar’s method. Dandekar’s correction mentioned
in Rao ([5], p. 203) cannot be extended to a general exk table. This
is because for given marginals we cannot uniquely increase or decrease
the observed frequency by 1 according as the minimum observed fre-
quency is decreased or inereased by 1. We shall consider the following
modification suggested by Mr. Ueda. Let the minimum number of all
the eell frequencies he attained by the (i, ), - -, (i, 7) cellg. =Then we
caleculate the y' statistic for the table having the modified frequency
X/, where X\=X,.21"", X=X, +(number of 1, ---, {, equal to rjxI-',
X\, =X,+(mumber of 5, -++, 7, equel to s) xI™* for (7, 8)=(iy, 4} -+, (1, 4),
X=X, for other cells and N'=N=+1. We shall define this value as
yx.  The modified Dandekar's method is to use the statistic r=—
=t =2 xhi =21 | as a ¢ variate with (e—1)(k—1) degrees of
freedom, where y; means the value of ¥ statistic for the observed fre-
quency X;,. Here we must note that the inequalities »*,>4>y, are
not necessarily hold. In fact, for X,,=9~12 in figure 4 we have yi,<
<yl In Rao's example, =7.9435, ,=9.3678, 1,=6.7556 and
P(y:>>7.2958)/2=0.0035. This result is slightly better than Gart’s methods

(10) and (11).

Comparison in some 2%2 and 2x3 tables

In the previbus section we have checked the accuracy for the vari-
ous approximation methods in Rao’s example only. We shall first in-
vestigate the effects of these corrections for X,=0~7 or X, =0~8
(accumulated in opposite direction) in the same example, whose resulis
are shown in figures 1 and 2. Then we also examine in case of other

tables as follows:

(i) Rao's example (Figures | and 2, Tables 1 and 2)
Xll
xll
19

{ii) 2x2 symmetric case (Figure 3, Table 3)
JYH

X

20
(iii) 2x2 table with large marginals (Figure 4, Table 4)

Xu

133

e

seids ol dlovin
32X, +c) | B2X, 4o

1

p o
X

Xn
20

.
p. £

440

1 Yl

W 1 =
BN 1 ok) +8(2N+c!.:)'l ] :

Rao DA Iz 3 L € T hif, d'=1.0562 T P(M/d>7.3944)/2
=0.0083 L 2 5. ZOBRIFENOBRLACCHS. Hikme
Moz, BicfhoFBETH~5,

13 Dandekar® HFFE 12+ 3#E. Rao®(p. 203) I2f~T4 3
Dandekar® Kikid, —#o exk ST BI@MTELE Y, ZhitlE
WEHMH—FOL TR, ~BOSHEOBIERS 1 TNHT 2
TENTELRVLD, AEEORDBEBEES L TNET S, A
b, EHOFRBIZL-T, XKOLILEEEZELL, =4, +
AT Deell EHORSBE G5 d) cellsELTEHELISHS
LdE, 2 ITEL AEEX oS IR LT, CHRRLFE
T3, ARL =35 (td)y 20T, X=X+, X!'=
Xot(dp-nt OBErIE L) 1, Xi=X,£(4, 5, 0%
RIEIZHLV)X 0 cell 2L T X=X, HEU N=N=+1
Lh s, ZOMIE ¥ ELTEBENS, WIEL ~Dandekar®H
Hik, BHE(c -1 )HEk-1)2s2¢8dtRe LT, ZOHEIR
=6 — =) =) /-2 E2EwS. XL, #
EEAERY O HAREBWT A, CoCTEERRIES S 20D
L, TEAFBFLY fiod>rd OBIIE s 20l THES B
£, B4oX=9~1212b0vT, PEREL< B< LT I28
12& 2T 5, Rao P& HET 1T, ¢l=7.9435, 1% —9.3678.2%:
=6.7566 & &0, P(xi>7.2958)/2=0.0035 & & 4.2 O &£ IGart
DFHIOEMED BT E L E2TVE,

2X 25 L U2X 3RO VWL DHDOLE

AIOFE T ERao® fFI B 22 1 & BN R TH 4 DSERBEORE Iz
WTHALE CZTR, 2TRICRaoMEIZH L TRIEHE—F
ELT, Xuy=0~T7T&£LBX,=0~8(EHm)~ Ecell D &
WMLTw- LB, ChonElBECLABFEs#RTEE, =
NoOEERE, M1E2(H1 E2NFLTVS,. 2512, kDL
IO TR EHFEENS,

i) RaodffiRE [RM1k2 (F1E2)

17
20

87,

i) HErzx2® E3 (#3)

20

20

40

i) Mgt rAkEvw2Ix 2% M4 (F4)
18

555

573,




(iv) 2x3 table by Yates ([4], p. 233) (Figures 5 and 6, Tables 5 and 6} iv) Yates*(P.233) 12 £ 32 x3% (B5-6, 56}

Xll X!‘ XI: 17

Xy X X |18

13 11 6 | 380
Figures 1 and 2 show the following facts. Gart (10), (11) and modified H1E2(81E2)KkOLILEIEERLTY A, Gart® AN
Dandekar (12) give fairly better results and the LR method (4) always U0 & #IE L ~Dandekar @ FiEIIE, wFhbrd 0 lu@EResnl
gives the smallest values. Yoshimura (6) is uniformly better than (4). THD, REL4NE, HiIRs b sviitits 5z s SHHO Nk
The methods (7)~(9) are almost the same as the y* method (2). We BIE, —HRIIEERA LD EnERTH S, O FRD~OIE, «
must note in figure 3 that the value obtained by Gart (10) for X,=0 DHHEIELEAFACEETS 5, 3(E3)TEELRELES
i larger than for X,=1. This fact seems to be a weak point of method KBV L, GartllO FETHHBEz aEE0EY X=10&FF &
(10). Gart (11) is preferable to Gart (10) in the presence of zero fre- Nh, Xo=0 DEOFAHKEL 5. ZhZGart® HEIOD RFET
quencies for some cells; otherwise they are nearly equal. Figure 4 shows H5. FEEOH ScelllZ0 BHEMSH A2HE, Gartl)iZGartll &Y
that the LE method (4) and Yoshimura (6) are better and they are al- FCaTuad, oSTRELAYSELY, H4(EL)IIEL
most equal to Gart (10) and (11). In this case, the ¥ method (2) as T, REEYE CEHEOBESIE, Gartld LIDORERE b ~TIE
well as modified Dandekar's method (12) do not give good approxima- FAYTRIEREFTE 22T 3, COlE, ¥ 0ORERL,
tions. In figures 5 and 6, the methods (2) and (7T)~(9) give almost the H#IE L %2 Dandekar® FiEgit, LvsEfla sz twvin FH5 L6
same results as in the previous figures, but they are close to exact (#5&6) (HuT, HlEM—~OE, MOEE) DL ER

method (1). Gart (10) and (11) are conservative, but modified Dandekar
(12) is not { See Tables 1— 6).
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Fig. 1. One sided tail probabilities for X;3=0~17 in Rao’s example.
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Fig. 2. One sided tail probabilities for X11=0~8 in Rao’s example.
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One sided tail probabilities for X1:=0~9 in symmetric case.
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Fig. 4. One sided tail probabilities for X12=0~12 with large marginals.
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Fig. 5. Tail probabilities in 2x3 table accumulated by the magnitude of y? statistic.
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Fig. 6. Tail probabilities in 2x3 tables accumulated by the magnitude of LR statistics.
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TABLE 1

ONE SIDED TAIL PROBABILITIES FOR X,,=0~7 IN RAO'S EXAMPLE

#1 Rao OMBOX3=0~78 L7 E XK MFER
Xi2 Exact Yates ¥ -2logh  ~2Klogh\  Hald. Nass 1 Nass 1i Md Msd’ X3
0 P 071075 .0%1461 072407 03104 .0%6928 072087 072561 071864 .0%3ss1 .0°1785 075207
log 8.0314  7.1647 8.3815 104919 10.8406 B.4752 B.4084¢ 82704 7.5504 7.2516 B.7166
1 P 0°1107  .0°3940 .0°8005 .0°1157 .0°2040 .0%9487 08501 .0%76s .0°1690 051627 051544
log 6.0441  6.5955 7.9034  7.0633 7.3096 7.9771 7.9295 7.8305 6.2279 6.2114 G 1886
2 P 073839 .0%6993  0°1749  0%764 0%1016 01992 .0%18s2  .0f1se2 02877  .0%2851  .0%3031
log 5.5842  5.8447 5.2428  6.8302 5.0069 5.2993 52676 5.3019 5.4589  5.4550 54816
3 P 0%349 078208 02522 01618 0%2148 0%2775 .0%2660 .0%2435 0%3757 .0%3744 03957
log 4.8027 49142 24,4017 4.2090 3.3320 F.4433 4.4249 4.3865 4.5748  4.5733  4.5974
4 P 075855 076416 .0%2413 072003 .0%2415 072581 072533 072435 073276 073271 .0%3456
log 3.7675  3.8073 3.3826 3.3013 3.3829 3.4118 3.4046  3.3865 3.5153  3.5147 3.5386
5 P 0'3300  .0'3374 0'1s45  0'1447 0'1622 .0'1616 .0'1612 .0'1603 .0'1905 .0'1904 .0'2037
log 2.5185  2.5281 3.1889  2.1605 2.2101  2.2084 2.2074  2.2049 2.2799  2.2797 2.3090
6 P 1212 1213 0'6701  .0%6591  0'69999 0'6897 .0'6941 0'7030 07563 .0'7561 .0'8212
log 1.0835  1.0839 2.8261  2.8190 2.8450 2.8383 2.8414  2.8470 2.8787 2.8786 2.9144
1 P .3060  .3056  .2009 2005  .2054  .2049 2060  .2084 2115  .2115 2313
log T.4857  1.4852  T.3030 T.3021  T.3126 T.3115  T.2139 T.3189 13253 13253 13642
Note:  .071075 = .00000001075
& DF of Nass I = 1.0278
DF of Nass = 1.0877
P = Probability W
TABLE 2 ONE SIDED TAIL PROBABILITIES FOR X,,=0~8 IN RAQ'S EXAMPLE
#2 Rao OFBOX;; =0~8k L/~ & &0 K BIFSH
N Exact Yates ¥? ~2logh  —2Klogh Hald. Nass [ Nass [I wed M/d e
0 P %1132 072791 0%180 02330 .0'%767  0%5303  .0%447  0%3091 .0%1023  .0%4s04  .0%90s0
log 9.0539  B.4458 9.6212 11.3674 117610 5.7245 9.6481 9.4901 7.0099 B.6816 9. 9566
1 P 001839 .0%9134  0°1686 071540 072942 0°2039 01792 .0°1372 .0%071 .0%3883 .0%3273
log 7.2646  7.9607 7.2269 B.1875 B.4686  7.3094 7.2533  T.1374 7.6097 7.5892 7.5149
2 P 0%8957  .0%1964  0%4467 .0%1334 .0°2135  0%5176 .0%4736  .0%3937 057812 057718 .0°7823
lag 6.9522  5.2931 6.6500 6.1252 6.3294 6.7140 6.6754  6.5952 6.8928  6.8875  6.8934
3 P %1954  0%2786  0%7791  .0%°4336  0%0s6  .0%s702 .0%8233  .0%733¢  .0%1220 0*1315 01240
log 4.2909 4.4450 5.8916 5.6371 5.7822 5.9396 5.9156 5.8653 4.0864 4.0846 4. 09342
4 P 072283 072622 08992 0%6938 .0°8708  .0°9737 .0%0461 .0%8908 071282 071279 .0%1309
log 3.3585  3.4186 4.9539  4.8412 4.9399 4.9884 4.9759 49498 3.1079 3 1069 3.1169
5 P 0'1585  0'1652 .0%91s .0%265 077239 077302 .0%7236 077098 .0%8924 .0%8917 .0%9287
log 2.1999  2.2180 3.8398  3.7969 3.8597 3.8634 3.8595 3.8511 3.9506 3.9502  3.9679
6 P 07014 017056 0'3580 03478 .0'3776 0'3709 .0'3721 .0'3746 .0'4198 .0'4196 04471
log 2.8460  2.8486  2.5539  2.5413  2.5770  2.5693 2.5707 2.5736 2.6230  1.6228 2. 6504
7 P 2088 2085 © 1268 4361 A%T 1297 1307 1326 1372 .1372 . 1486
log T:397 - T.5191 L1108 11007 51176 o To1129. . To1163. . Ta225. T4574 - Tavm T.ime
8 P 4398 4397 3150 3150  .3185 3214 13207 3196 .3225  .3224  .3503
log 1.6433  1.6432 T1.4983 1.4983 1.5031 T.5070 T.5061 1.5046 71,5085 T,5084 1.5444
Note : DF of Nass I =1.0278
-

D

F of Nass I = 1.0877



TABLE 3

ONE SIDED TAIL PROBABILITIES FOR X;,=079 IN SYMMETRIC CASES

#3 HEEOX[;=0~0k Lk E ROF RS

Xiq Exact Yates Ve ~2logh  —2Klogh Hald. Nass 1 Nass II M/d wd e
0 P 07254 0%372 0%1275  0%789  0"i380  0%1672 .0°1370 .0'%129 072850 .0P6983 .0%2748
log 128606 7109718 T10.1055 T4.6802 13.1399 10.2232 T10.1367 11.9604 8.4548  9.8440 T0.4390
1 P 0%2909 073811 .0%292  .0%1582 .0°3384 .0%7854 .0%736 .0%918 071936 .0"1772 071231
log 9.4637 8.5810  9.7988 10.1992 10.5294 9.8951 9.8284 D5.6918 B.2869 B.2485 8. 0903
2 P 0°2648 01051 .0°2106 072876 075086 .0%2513 .0°2243 .0°1777 .0°3662 .0°3584 .0°3759
log 7.4229  6.0216 7.3235 B.4588 8.7064  7.4002 7.3508 7.2497 7.5637 7.5544 75751
3 P %9693 .0%1970  0°4778  0%1649 .0%2518 .0%5490 .0%5073 .0%4309 .0°7438 057382 .0°7836
log 6.9865  5.2945 6.6792  6.2172 6.4011 6.7396 6.7053 6.6344 E.8715 6.8682 6. 8941
4 P %1800 0%2521  .0%7393  .0%4305 .0%s847  0%8214  0%7812  .0%7039 .0%1089 .0*1086 .0%1119
log 4.2553  4.4016 5.8688  5.6340 5.7669 5.9146  5.8928  5.8475 4.0370 4.0358  4.0488
5 P 071924 0%2213  0°7828 .0%6083 .0%7525 .0%8434 .0°8228 .0°7776 .0*1079 .0°1078 .0%1100
log 3.2842  3.3450 4.8937 4.7841 4.8765 49260 49153 Z.8908 3.0330 3.0326 3.0414
6 P 0'1282 01343 0°5706 075149 025916 .0%6020 .0°5962 075842 077258 .0%7253 07483
log 2.1079  2.1281 3.7563 37117 3.7720 3.779 3.7754  3.7666 3.8608  3.8605  3.8741
7 P 0's642  .0's692  0'2889  .0'2793 0'303¢ 0'2993 0'2999 .0%3009 .0'3383 .0'3382 .0'3559
log 2.7514 2.7553  2,4607 2. 4461 2,4820 7.4761 2.4770 2.4784  2.5293 2,5292 2.5513
8 P 1715 1714 . 1030 1022 . 1065 1053 . 1060 L1075 1121 1121 _- 1200
log 1.2343  1.2340 1.0128 1.0095 T1.0273 T.0224 1.0253 T.0314 T1.0496 1.0496 1.0792
9 P 3762 3759 .2635  .2634  .2673  .2681  .2687  .2678  .2720  .2720 2930
log 1. 5754 1,5751 1, 4208 1. 4206 1.4270 1.4283 1.4293 1.4310 1. 4346 1. 4346 1. 4669

Note:  DF of Nass I = 110249 DF of Nass Il = 1.0780
TABLE 4 ONE SIDED TAIL PROBABILITIES FOR X;,=0~~12 WITH LARGE MARGINALS
#d REFOREBEHEOK,=0~122 L/ & X0 AR

X1 Exact Yates ¥ —2lest —2Klogh  Hald. Nass I Nass II wd wd e
0 P 1502 0%2075 02236 o590 02486 0195 o%ise7  .0%1291  0°2517  .0'%386  .0MBs23
log 121767 14.3170 15.3495 14.8802 13.3955 152776 15.1951 14.1109 10.4009 T11.9236 15.9306
1 P 0°1040 01383 01749 01517 0%979 04518 0%1203  .0%7e4s  .0%2475  0%2328 L0737
log 10.01703 12.1408 13.2428 T11.1810 T11.5998 13.1813 13.1116 13.8835 10.3936 10.3670 13.7587
2 P 0%3374  0'%724 09976  0%698s .0°1561 08842 .0'774s  0™3376  .0°3075  .0%3028 .0'%840
log 9.5281 11.8276 12.9990 10.8441 5.1934 129466 12,8890 T1.5284 G.4878 9.4812 11.4533
3 P 076812 0%2386 0%4150 071772 073462 0°3751 .0%3369 .0%1112 074260 074234 .0%1034
log 8.8333  9.3777 106180 B.2475 8.5393 10.5741 10.5275 9.04610 B8.6294 B.6268 9. 0145
4 P 0%9597 076190 071261 .0°2974 0%5170 071160 01061 .072736 .0%5050 .0%5036 .072776
log 7.9821  B.7917 B.1007 7.4733  7.7135 B.06446 B.02572 8.4371 7.7033 7.7021 B.4434
5 P 0%1003  0°1175 02800 053593 .0°5638 .0%2619 .0%2456 .0°5036 .0°4883 0°4876 .0°5495
log 5.0013  6.07004 7.4472  6.5555 6.7510 T.4181 7.3902 7.7021 6.6887  E.6881  7.7400
6 4 0%068  0%1637  .0%4562  .0°3279  .0%700 054325 054127 .0%6949 .0%3829 .0%3826 .0°8041
log 5.9068  5.2140 6.6592 5.5157 5.6721 6.6360 6.6156 6.8419 5.5831  5.5827 6. 9053
7 P 05115 01677 .0%s442 0°2328  0%3083  0%5233  0%5070 .0%7207 .0%2445 02443 .0%8717
log 4.7088  4.2245 57358  4.3670 4.4890 57188 5.7050 5.8578 3.3883  4.3879  5.9404
8 P 072597 0%1268  0%4834 021312 .0%1622 .0%4656 .0%4568 05638 .0%1278 .0%1277 .0°7022
log 3.4145  3.1031 4.6843  3.1179 3.2101 4.6680 4.6597 47511 3.1065 3.1062 4. 8465
9 P 011067 0?7108 .0°3115 .0°5944 0%925 073058 073031 03343 .0°5497 .0%5496 025250
log 2.02816 3.8517 3.4935 3.7742 3.8404 3.4854 3.4816 3.5241 3.7401 3.7400 3.7202
10 P 0'3s72 0'2975  0'1s07  .0'218¢ .0'2421  0'1491 0'1489 .0'1513 01953 .0'1953 .0'2376
log 2.5529  2.4735 2.1781  2.3393  2.3840 2.1735 21729 3.1798 3.2907 2.2907 2. 3758
11 P 09790 0'9388 .0'5470 .0'6544 .0'6971 0's552  0'5463 .0'5279 0's746  .0's745 0’8025
log 2. 9908 2.9726  2.7380 2.8158 2. 8433 2.7444  2.7374 2.7226  2.7594 2.7593 2. 9044
12 P 2204 L2266 1507 .1606 1659 1531  .1514 1448 1403 1403 2052
log L3432 1.3553 T.1781 T.2057 T.2198 1.1850 T.1801 T.1608 1.1471 1.1471 1.3122

Note : DT of Nass [ = 1.0298 DF of Nass I = .8606
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TABLE §

BY THE MAGNITUDE OF Xz STATISTIC

TAIL PROBABILITIES IN 2 x3 TABLE ACCUMULATED

12

10

10

10

™

#£5 xTHAROAF T IZEDREME R 2X3 R0 mREESE
Exact ¥ ~2log\  -2Klogh -~ Hald.  Nass  NassII  wd Mrd’ X2
$ 10.5446 111708 103094 10.5743 111638 125735 B8.9570 89766 97528
P 0%s60 025132 073752 0%5772  .0%5056 074722 .0%4041 0'1135 0'1124 .0%7624
log 3.6590 3.7103  3.5743 3.7613 3.7038 3.6741 3.6065 2.05077 2.05077 3.8822
s 10.5446 11,1708 10.3094 10,5743 11,1638 12.5735 8.9570  8,9766 9.7528
P 025347 075132 .0%3752  .0%5772 05056 .0%4722 074041 0'1135  0'1124 077624
log 3.7281 3.7103 3.5743 3.7613  3.7038 3.6741  3.6065 2.05077 2.05077 3.8822
s 10.2361 12,5880 11.6174 102622 10.8372 122129 8.3059 8 5569  8.6297
P 0%135 0?5988 071847 073001 0?5910 .0%5546 074799 .0'1572 .0'1386 .0'1337
log 3.7878  3.7773  3.2665 3.4773  3.7716  3.7440 36812 2.1965  2.1418  2.1261
s 9,8374 121147 111805  9.8589 104150 117470 7.9393 8 1793 8 2294
P 0%7120  0*7309 072341 073734 077231 .0%6828 075990 .0'1888 .0'1675 .0'1633
log 3.8525 3.8639 3.3694 3.5722  3.8592 3.83 3.7774 2.2760 22240 2.2130
s 9.7472 110003 10.1521  9.7676 103196 116416 8 5363  8.5631 8, 7135
P 0?8066 0°7646 .0%a086 .0%6245 .0%7568 077156 076298 .0'1401 0'1382 .0'1282
log 3.9067 3.8834  3.6113 3.7955  3.8790 3.8547 3.7992 2. 1464 L1405  2.1079
s 8.9118  9.9859 9.2159  8.9226 9.4351 10.665¢ B8.0776 8, 0938  7.8410
P 0%9380 .0'1161 .0%6786 .0%9972 0’1155 .0'1106 .0'1001 0'1762 .0'1748 01983
log 3.9722  2.0648  3.8316 3.9988  2.0626  2.04376 2.0004 2,2460  2.2425 22973
s 8.6080  9.3266 8.6074  B8.6152 9.1135 103104 7.4971  7.5129 7.619
P o'tirg  0'1351  .0%043s  0'13s2” 0'1347 0'1205  0'11s3 .0'23s5 02337 0'2215
log 2.0488  2.1307 3.9747 2.1310 21294 2.1123  2.07298 2.3720 23687 2,3454
s 8.5843  10.8397 10.0039  8.5912  9.0884 10.2827 6.9776  7.1887  7.1764
P 0'1296 0'1368 074428 .0%725 .0'1363 .0'1311  0'1199 0'30s4 .0'2748 .0'2765
log 21126 Z.1361  3.6462 3.8277 21345  2.1176  2.0788  2.4849  2.4300 24417
s 8,3565 10.5850 9.7688  B8.3608 8.8472 10.0165 6.8108  7.0168 6 9497
P 0'1493  0'1533  .0%s029  0%7564  0'1s29 .0'1476 01360 .0'3319 .0'2994 .0'3097
log 2.1741 2.1855 3.7015 3.8788 2. 1844  2.1691 21335 2.5210  2.4763  2.4909
s 8.3375  9.3905 8.6664 8.3416 8.8271 9.9943 7.5235  7,5395 7, 2696
4 0'1670  0'1547 079139 0'1313  .0'1s44  0'1490 0'1374 0'2324 0'2306 .0'2639
log 2.2227 2.1895  3.9609 2.1183  2.1886 2.1732  2.1380 2.3662 2.3629 2.4214
s 8. 1144  B.6828 80133 8. 1159 8,5909 9.7336 7.2820  7.2892  7.2712
P o'is8s  0'1730  .0'1302 0'1819  0'1728 .0'1674 .0'1554 0'2623 .0'2613 .0'2637
log 22753 2.2380 21146 2.2598  2.2375 2.2238 21915  2.4188 24171 2.4211
] 7.3123  7.8327 7.2288  7.3044 7.7417 8.7962 6.5362 6 5431 6 6468
P 0'2207  0'2583  .0'1991 .0'2693 02593 .0'2538 .0'2413 .0'3808 .0'3795 .0'3603
log 2.3438  2.4121 27,2991 2.4302  2,4138 2.4045 2.3826 2.5807 25792 25567
s 6.7854  7.2713  6.7106  6.7714 7.1839  8.1805 5 7680  5.7800 5. 7893
P 0'2680 0'3362  .0'2637 .0'3490 .0'3385 .0'3335 .0'3218 .0'ss91  0'ssss .0'ss32
log 2.4281  2.5266  2.4211 2.5428  2.5296 2.5231  2.5076 2.7475  2.7445  2.7429
s 6.6288  6.9364 6.4015  6.6130 7.0181  7.9975 57618 5.7679  6.1155
P 0'3173  0'3636  0'3117 .0'4073 .0'3665 .0'3617 .0'3504 .0'5609 .0'5591 .0'4699
log 2.5015  2.5606  2.4937 2.6099  2.5641 2.5583 L. 5446 2.7489  2.7475  Z.6720
s 6.4769  8.6885 80185  6.4593  6.8573  T.8200 5 3686  5.5312 5079
P 0'3646 0'3922 0'1298 .0'1815 0'3957 .0'3913 .0'3806 .0'6827 .0'6204 .0'7888
log 2.5618  2.5935  2.1133  2.2589 25974 25925  2.5805 2.8342 2.7989  2.8970
s 6.4437  6.7079  6.1907  6.4257 6.8221  7.78l11 5 3844  5.3946 5. 6727
P 0'4237 0'3988 .0'3495 .0%4s26 04024 .0'3981 .0'3876 .0'6773 .0'6739 .0'5864
log 2.6271  2.6008  2.5434  2.6557  2.6047 2.6000  2.5884 28308  2.8286 2. 7682
s 6.4437  6.7079  6.1907  6.4257 6.8221  T.7811 5. 3844 5 3946  5.6727
P 0'4828  0'3988 .0'3495 .0'as26 .0'402¢ 0'3981 .0'3876 .0'6773 .0'6739 .0's864
log 26838  2.6008 25434  2.6557  2.6047  2.6000  2.5884 2.8308  2.8286  2.7682
s 6.3630  8.5725 7.9115  6.3441  6.7367  7.6868  5.2896  5.4498  4.9663
P 0's325  0'4152  0'1376 .0'1914  0'4192 0'41s0  .0'4049 0'7102 .0'6555 .0'8348
log 2.7263 2.6183  2.1386 2.2819 2.6224 2.6180 2.6073 2.8514 2.8166  2.9216
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TABLE 5 (Continued) &%
X Xy Exact ){2 —2logh —2Klogh Hald. Nass [ Nass I MSd Md X%
3 4 5 6.2871  6.4795 5.9799  6.2672 6.6563  7.5981 5.4434 5. 4484 60415
P 0's916  .0'4313  0'3917 .0'5029 .0'4356 .0'4317 .0'4220 .0'6576 .0'6560 .0'4877
log 27720  2.6348  2.5930 Z.7015 2.6391 2.6352 2.6253 Z2.8180  2.8169  2.6882
6 1 s 6.1020  6.4437 5.9468 6. 0800 6.4603 7.3818 5 1827  5.1924  5.1029
P 0'6578  0'4731  .0'asee 0’5113 .0'4784 0'4750 .0'4665 .0'7492 07455 .0'7797
log 2.8181  2.6750 2.6008 2.7087 2.6798 2.6767 2.6689 2.8746  1.8724 2.8919
5 6 s 5.7365  7.9509 7.3378 5. 7102 6.0734  6.9547 48133 4,959  4.3429
P 0'7240  0'ses0  0'1877 .0'2550 .0's7ss  .0's73s  0'ses4 .0'e012  0'8378 . 1140
log 2.8597 2.7543  2.2735 2.4065 2.7600 2.7588  2.7547 2.9548  2.9231  T.05690
8 1 3 5.1907  5.4330 5.0141 5.1580 5.4955  6.3168 4.3219  4.3300 4.1878
P 0'8304 0'7462  0'e611 .0'81s1  .0'7s85  .0'7603 .0'7623  .1152  .1148 1232
log 2.9193  2.8729  2.8203 2.9112  2.8800 2.8810 2.8821 I1.0645  1.05994 1.0906
7 1 5 4.9628  5.1783  4.7790  4.9276 5.2542 6.0506 4.1345  4.1421  3.9590
P 0'9486 .0'8363 0'7sos .0'9168 .0'8s11 .0'ssso  .0'8611  .1265  .1261  .1381
log 29771 2,9224  2.8755 2.9623  2.9300 2.9320 2.9351 1.1021 1.1007 1.1402
9 2 s 4.7492  5.0398 4.6512  4.7115 50281  5.8010 4.1633  4.1675 4.1335
P .1067  0'930s  .0's047 0'9772  .0'9482 .0'9543 .0'9650 1247  .1245  .1266
log 1.02816 72.9687  2.9056 2.9900 2.9769 2.9797 Z.9845 1.09587 T1.09517 T1.1024
Nplc: S = Statistic AR
E3 P = Probability 5
DF of Nass 1 = 2.1905
DF of Nass I = 2.6688
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TABLE 6

BY THE MAGNITUDE OF LR STATISTIC

TAIL PROBABILITIES IN 2x3 TABLES ACCUMULATED

#6 CEIHEHROKE 5 (0L 0 Bl hr 2 X3 EomMES
X5 Xy Exact  -2logh  —2Klogh bl Hald,  Nas1 = Nass i
7 0 5 12,5880 11.6174 10,2361  10.2622 10.8372  12.2129
P 0%4022 071847 0?3001 .0%°5988 075910 025546 .0°4799
log 3.6044  3.2665 3.4773 37773 37716 3.7440 36812
8 0 s 12,1147 11.1805 9.8374 9. 8589 10.4150 11.7470
P 075007 072341 073734 027309 .0°7231 .0%6828 .0%5990
log 3.6996  3.3694  3.5722  3.8639 3.8592 3.8343  3.7774
2 4 s 118223 109107 110145 11.0495 11,6613 13.1226
P 075544 0°2709  0%4274 074057 .0°3987 .0°36%  .0%3110
log 3.7439  3.4329  3.6308 3.6082 3.6006 3.5677  3.4928
iy 5 S 11,1708 10.3094 10.5446 10.5743 11.1638 12.5735
P 0%6332  0%3752  .0%5772  .0%5132 .0°5056 .0%4722 .0%4041
log 3.8016 3.5743  3.7613  3.7103 3.7038 3.6741  3.6065
2 5 s 111708 103094 10,5446 105743 111638 12,5735
P %7121 0%3752 0?5772 0?5132 05056 .0%4722 .0%4041
log 3.8525 3.5743  3.7613 3.7103 3.7038 3.6741 3. 6065
10 1 s 5 11,0003 101521  9.7472  9.7676 10.3196 116416
P 0?8067 074086  .0%6245 .0%7646 077568 077156 076298
log 3.9067 3.6113  3.7955 3.8834  3.8790 3.8547  3.7992
3 6 s 10,8397  10.0039  8.5843  8.5912  9.0884  10.2827
P 0?9840 074428 0%6725 0'1368 .0'1363 .0'1311 0’1199
log 3.9930  3.6462  3.8277 2.1361  2.1345  2.1176  7.07882
7 6 s 105850  9,7688  8.3565 8.3608 8.8472  10.0165
P 0'1181 0?5029 0*7564 .0'1533 _ .0'1529 .0'1476 .0'1360
log 20723  3.7015  3.8788  2.1855  7.1844 21691  32.1335
10 3 s 9.9859 92159 8.9118  8.9226 9.4351  10.6654
P 01312 0%786  .0%9972  .0'li61  0'1155  .0'1106 .0'1001
log 2.1179  3.8316  3.9988  2.0648  2.0625 2.04376 3.00043
10 2 8 9. 3905 8. 6664 8. 3375 8. 3416 8. 8271 9.9943
P 0'1490 070139 0'1313 0'1547 0'1544 0'1490 011374
log 2.1732  3.9609  Z.1183 2.1895 2.1886 2.1732  2.1380
5 ; 8 9. 3266 8.6074  8.6080 8.6152 9.1135 10.3104
P 0'1670 079435 0'1352 0'13s1 0'1347  0'1295  .0'1183
log 2, 2227 3,??47 21310 2.1307  Z.1294 2. 1123 2.07298
4 6 s 8.6885  B.0185 6.4769  6.4593 6.8573  7.8200
P 0'2143 0'1208 01815 0'3922  .0'3957 03913 .0'3806
log 2.3310 2.1133  2.2589 2.5935 2.5974 2.5925 3. 5805
3 3 s 8.6828  8.0133 81144  8.1159 85909  9,7336
P 0'2358 .0'1302  0'1819 .0'1730 01728 .0'1674 .0'1554
log 2.3725  2.1146  2.2598  2.2380  2.2375 Z.2238  2.1915
6 6 s B.5725  7.9115  6.3630 6.3441 6.7367  7.6868
P 0'2855  0'1376  .0'1914 04152 0'4192 .0'4150 .0'4049
log 2.4556  2.1386  2.2819 2.6183  2.6224 2.6180 3. 6073
5 6 s 7.9509  7.3378  5.7365  5.7102  6.0734 69547
P 0'3s17  0'1877  .0'2550 0's680 .0's7s5 05738 .0'sesd
log 2.5462  2.2735  2.4065 27543  2.7600 3. 7588  1.7547
4 2 s 7.8327  7.2288  7.3123  7.3044 7.7417  8.7962
P 0'3839  0'1991  0'2693 0'2583 .0'2503 .0'2538 .0'2413
log 2.5842  2.2991  2.4302  2.4121  1.4138 74045  2.3826
9 1 s 7.2713  6.7106  6.7854  6,7714 7,1839 81805
P 0'4312  0'2637 .0'3490 .0'3362 .0'3385 .0'3335  .0'3218
log 2.6347  2.4211  2.5428  7.5266  2.5296 2.5231  2.5076
9 4 s 6.9364  6.4015  6.6288  6.6130 7.0181  7,9975
P 0'4804 03117 0'4073  0'3362  .0'3665 .0'3617 .0'3504
log 2.6816 2.4937  2.6099 2.5606  2.5641  2.5583  2.5446

M/d

8. 3059

0'1572

2. 1965

7. 9393

0'1888

2. 2760

9, 7251

027731

3. 8882

8.9570

0'1135

2. 0550

8.9570

01135

2. 0550

8. 5569

0'1386

2. 1418

8. 1793

0'1675

2.2240

9. 7817

.0%7681

3. B854

8. 9766

01124

2. 05077

9.7
0%7624
3.8

2
Xe

8. 6297
0'1337

2. 1261

8. 2294
0'1633

2.2130
10.3133

.0%5761

3. 7605
528
822

9, 7528

0*7624

3.8822

6. 9497
0'3097
2. 4909
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TABLE 6 (Continued) &%

X4 Exact  -2log\  -2Klogh X2 Hald.  Nass1  Nas I a/d Md” x2

3 s 6.7079  6.1907 6.4437  6.4257 6.8221 7.7811 5.3844  5.3946 56727
P 0'5396 .0'349s  0'4s26 .0'3988 .0'4024 .0'3981 .0'3876 .0'6773 .0'6739 .0'sges4
log L7321 75434 2.6557 2.6008 2.6047 26000 2.5884 2.8308  2.8286  2.7682

3 s 6.7079  6.1907 6.4437  6.4257 6.8221 7.7811 5.3844 53946  5.6727
P 0'5987 0'3495 .0'4s26 .0'3988 .0'4024 .0'3981 0'3876 .0'6773 .0'6739 .0's864
log 27772 2.5434  7.6557 2.6008  2,6047 2.6000 2.5884 2.8308  2.8286  2.7682

3 s 6.4795 59799  6.2871  6.2672 6.6563  7.5981 54434 54484 6 0415
P 0'6s78  .0'3917  0'5029 .0'4313 04356 .0'4317 0'4220 06576 .0'6s60 .0'4877
log 2.8181 2.5930 2.7015 2.6348  2.6391 2.6352 2.6253 2.8180 2.8169  2.6882

6 s 6.4437  5.9468 6.1020 6.0800 6.4603 7.3818 51827 5.1924 5 1029
P 0'7240 .0'3988 .0'5113  0'4731  0'4784 .0'4750 0'4665 .0'7492 0'7455 .0'7797
log 2.8597 2.6008  2.7087 2.6750 2.6798 2.6767 2.6689 2.8746  2.8724  2.8919

8 s 5.4330  5.0141 51907 5.1580 5.4955  6.3168 4.3219  4.3300 4. 1878
P 0'8304 0'6611 .0'sis1  .0'7462 .0'7585 .0'7603 .0'7623  .1152  .1148  .1232
log 2.9193  2,8203 2.9112 Z.8729 2.8800 2.8810 Z.8821 T1.06145 T1.05994 T.09061

7 s 51783 4.7790 4.9628  4.9276 5.2542  6.0506 4.1345  4.1421  3.9590
P 0'9486 .0'7508 .0'9168 .0'8363 .0'8511 .0'8550 .0'8611  .1265 1261 1381
log 2.9771 Z7.8755 2.9623 2.9224 29300 2.9320 29351 1.1021 T1.1007 T.1402

9 s 5.0398  4.6512 4.7492 4.7115 5.0281 5.8010 4.1633  4.1675  4.1335
P _.1067 .0'8047 0'9772 .0'9305 .0'9482 .0'9543 .0'9650 1247  .1245  .1266
log T.0283  2.9056  2.9900 2.9687 2.9769 2.9797 2.9845 109587 T.09517 1.1021

Note: S = Statistic  HH&
i P = Probability A%



