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SUMMARY

Medical data such as the presence or absence of a
specific disease or grades of clinically abnormal
findings are frequently classified into groups of one
or more factors. An important step in the classifica-
tion of data is the determination of how the events
or characteristics should be grouped. This study
proposes a data reduction method which identifies
the point of maximum XE value where the total
range of data may be divided into two parts. The
procedure involves the calculation of ¥x? values for
possible 2 X 2 or s X 2 tables that can be
formed by a step-by-step combination of marginal
totals. If the maximum 2 value is less than a
predetermined wvalue, it is presumed that these
groups are homogeneous and may therefore be
combined. If the maximum x2 value is greater than
or equal to a specific value, this is taken as an
indication that each group is meaningful, statistical-
ly speaking.

Leukemia data preclassified by city, sex, age and
dose are used to illustrate the method. In this
example, the data suggest that, in males, the risk of
leukemia is the highest among those exposed to
radiation doses of 200 rad and over who were aged
under 15 at the time of the atomic bomb.
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I. INTRODUCTION

Data in a medical survey often involve the presence
or absence of an attribute such as a specific disease,
or several grades of the morphological abnormalities
which can be ordered in terms of severity. The
former constitutes a binomial sample and the latter
a multinomial sample. The characteristics of such a
binomial or multinomial sample cannot be explained
simply in terms of any single factor but may instead
be related simultaneously to many other factors.
There are also interaction effects among those
factors. Even when the best measure is examined,
such a factor may actually have nonlinear effects on
the characteristics of such a binomial or multinomial
sample.

The purpose of this paper is to reasonably evaluate
the essential features of a binomial or multinomial
sample which has been preclassified in some order
by one or more factors. The multiple classifications
of such a binomial or multinomial sample give a
large number of groups composed of x, numbers
with specific disease and x, without disease, Or
composed of x, (marked), x, (moderate), x,
(light), x, (normal), etc. In many instances,
multiple classifications will result in zero or low
frequencies in some cells among many preclassified
groups. The reduction of such data has been
attempted by regrouping of homogeneous groups
through the process of a series of binary splits.

Belson! has suggested the empirical matching of
samples which can be classified into two different
groups by a sign of difference between expected and
observed cases in low score groups. Such a division
always allows a 50 to 50 split of expected cases.
Morgan and Sonquist? and Sonquist and Morgan®
have proposed an interesting approach such that the
partitioning of the group into two groups on an
arbitrary decision rule provides the largest reduction
in the unexplained sum of squares within the group,
using mean squares criteria.

The author attempted a different approach to data
reduction which identifies the point of maximum
x? value where the marginal binomial or multinomial
data for multiple classifications may be divided into
two parts, i.e., binary splits. The definition and
criterion of binary splits are given in Section IL
Two sets of leukemia data with one and four factors
are used as numerical examples 1 and 2 in Section
III, and a discussion is presented in Section IV,
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II. DEFINITION AND CRITERION OF BINARY
SPLITS

1. Binomial or Multinomial Sample Preclassified by
One Factor

Consider a sample drawn at random from a binomial
or multinomial population, and assume that such a
sample has been preclassified into p groups in some
order by one factor.

The binomial sample preclassified in terms of one
factor gives a 2 X p table as

where x;, (i =1, 2, ..., p) is the number of cases
with the presence of an attribute in the i-th group
and x;, is the number of cases without that attribute.

The multinomial sample preclassified in terms of
one factor gives an s X p table as

X’ll X21
X2 » X322
Xls Xag

where x;, is the number of cases which can be
specified in terms of grade 1, x;, is that of grade
2, ..., and x is that of grades.

Let the data in each group of a binomial or
multinomial sample be expressed as X, , X,, ..., X

respectively. The binary splits (B.S.) of X{=
(x;,, X3,) for i =1, 2, ..., p of binomial sample or
Xi = (X, , X2, - X;g) of a multinomial sample are
defined by
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Hence, the number of B.S. at the beginning is equal
to (p—1). Each B.S. of (1) is composed of a 2 X 2
table for a binomial sample or an s X 2 contingency
table for a multinomial sample. Criterion for w =
(X, Xp) is executed:

(i) If p=1, the process of B.S. will be terminated.
il 2 2 2
(i) If p =2, each of ¥ ay X @y X -1

is calculated for the corresponding B.S. defined in
(1) and
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is determined where < is a cutting point which
gives the maximum of possible x2 values obtained
through the process of a series of B.S. defined by (1).

(i) If x2 (y) < ¢, the process of B.S. is terminated.
We conclude that p groups preclassified in some
order for one factor are homogeneous. Therefore,
all groups may be combined as X, + ... + Xp, A
constant c¢ is available for the criterion. See IV
Discussion about a constant c.

(iv) If x2 (y) = & w=(X,, ..., X,) is divided into
two new groups,

w, =
w<
w, =(

The same criterion as described in (i) to (iv) will be
applied to w, and w,, respectively, until the
process of B.S. is terminated.

2. Binomial or Multinomial Sample Preclassified by
Two Factors

We can consider a sample drawn at random from a
binomial or multinomial population, and assume
that such a sample has been preclassified in some
order by two factors.

The binomial sample preclassified in terms of two
factors has the following tabular form:
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where each component of x;, (1 =1, 2, .., p; #5250 £EL, (i, j)BEHOMIZETSx, (i=
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cases which can be specified in terms of grade 1, O O T AR 2 O AR,
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(i) If p=1 and g=1, all the processes of B.S. will
be terminated.

(ii) If p=2 and gq=1 or p=1 and g=2, the process
of B.S. will be reduced to the B.S. of one factor.

(ili) If p=2 and g=2, the B.S. for the p X q groups
are executed for two marginal totals for X;. = (X;.
,X .) and X.; (X.l,“ X } Eachof)((l )

sy 1. and x 15 - x? (*q— }18 calculated
for each B.S. defined in (3} and

xz(Td) =max [ max

1<isp—1

is determined, where d = 1 for p groups of 2 for g
groups indicates the factor giving the maximum of
(p+q—2) x? values.

(iv) If ¥? (v4y < ¢, the process of B.S. is terminat-
ed. We shall conclude that the p X q groups
preclassified in some order by two factors are
homogeneous. Therefore, all groups may be
combined. i

A constant ¢ is available for the criterion. See IV
Discussion about a constant c.

) If x"’(,},d) > ¢, w is divided into two new
groups,

d
&
w<
w§
wj
ifd=1, w<i
L w}

wherej=1, ..., q.
Tl

[td=2, w<<

Bl Wi =

wherei=1, ..., p.
I

The same criterion as described in (i) to (v) will be
applied to w}] and w} for d = 1 or to w? and w}
for d = 2 until the prbcess of B.S. is terminated.
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3. Binomial or Multinomial Sample Preclassified
by m Factors

In general, we can consider a sample drawn at
random from a binomial or multinomial population,
and assume that such a sample has been preclassified
in some order by m factors.

The definition and criterion of B.S. are considered
as an extension of two factors. The process of a
series of B.S. is performed by the same procedure as
that for two factors.

II. NUMERICAL APPROACH

Example 1: One factor

A portion of the leukemia data prepared by
Ishimaru, et al* was used. Table 1 shows the
number of leukemia cases observed for the period
1 October 1950-30 September 1966 among male
atomic bomb survivors in Hiroshima aged 15-39 at
the time of the A-bomb (ATB) belonging to the
Life Span Study Extended sample (LSSE)®
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TABLE 1 NUMBER OF LEUKEMIA CASES BY RADIATION DOSE FOR HIROSHIMA MALES
AGED 15-39 ATB IN LSSE, 1950-1966

%1 EEOBGREERAERO S 5, FUEREFE 15— 3958 0 5 O #IR G B A e F, 1950— 19664

Radiation Dose (rad)

<5 5-19 20-49

50-99 100-199 200-299 300+  Total

X'1 X? X3 X4 XS Xé XT X-_
Leukemia (x;;) 2 0 3 2 2 2 & 16
Not leukemia (X;,) 4601 1161 477 271 243 98 149 7000
Total (x;.) 4603 1161 480 273 245 100 154 7016
wherei=1, 2, ..., 7.
From the definition of B.S. m Gy (1) ¥ (2) WO TRHAREAS] X0 » Xiay s s L 2ot
X (6) are calculated. The x? (1) value is obtained Bxhz. x2, ONHRE (X, X,++X)& ¥
by the (X,, X, + ..t X;) table, ie., hhb, i
X, S, o, Total
Leukemia 2 14 16
Not leukemia 4601 2399 7000
Total 4603 2413 7016




In order to evaluate the maximum of ¥? values
obtained through a series of B.S., we used a simple
procedure involving less calculation:

X @y=Ci
X (2)=C
X (6)=Ci

Hence, the maximum of these )(2 values is obtained
by

oL shs., —#MO25HOFEEAEE SRS
Brnx? HatBoR AELFM+T3 42012, #E Lo
fiiggik, +4 b b,

Ay —Cy)
*(Agy — Gy)
*{A(G) = Cz]

EHWwA, LAEHF-T, ChooxHidiof kil
KOXNTHEbash 3.

xz(ﬂ TCp™ [I%A(T) =61
==

where C; = (X.; +X.,) / (.| * x.,) =7016%/ (16*7000) = 439.50

Cy =x*.1/ (Xeq +x.,) = 16%/7016 = 0.036488, and

v 5 P i
Ay =(Z ;)" /2
i=1 i=1

max [A(l} =0.08209s, A(z) =0.

7 7
2 -
xi.+( Z Ky E Rpie
i=y+1 =yt

15724, A(3) =0.16074, A(4) =0.16984,

A(s) =0.20489, A ) = 0.17997] = A, = 0.20489

Thus, the maximum )(2 value is given by

ALLT, ¥ osAMIE

X (y=5) = 439.50 * [0.20489 — 0.036488] = 74.013.

A constant ¢ = 3.841 was evaluated as the critical
value at the 5% point of a x* distribution with 1
degree of freedom.

As X*(y=5) = 3.841, w = (X,, ..., X,) is divided

into two new groups,
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and the process of possible B.S. is continued for iz ‘;}}*}’ll sha. FLT, gz 2580 FEFELIZR
w, and w, as shown in Figure 1. LTwadbdle brh¥e, il THRITESAS.

FIGURE 1 REDUCTION OF BINOMIAL DATA PRECLASSIFIED BY RADIATION DOSE

B1 #BREE ks THMcaHa s EmHET— 2 OB
2 - 2 =
X (v, =2) X (= 1)
28.448 > 3.841 0.5046 < 3.841
w, =X, X)) —} X, +X,| = ( e )

2 =
X (y=5)
74.013 >3.841

ol 2ece Ut - x)

2 ==
W =3)
0.0775 <3.841
w=(X,, » Xq) Wy =Xy, X, Xg) — | X, +X, + X,
2 =
Tl =y,
0.3518 <3.841
w, = (X,, X;) =1 X, + X, E( . )
247
Note: [__] shows that the process of B.S. was terminated.
The final results through the process of possible —[ 22080 FIRE-IL->THSA-RBFHERIAOD L
B.S. are given by Thab.
X, +X,) X, +X, +X,) (X, +X,) Total
Leukemia 2 ) 7 16
Not leukemia 5762 991 247 7000
| Total 5764 998 254 7016
Through the use of these three meaningful new WA S OO L VEEA S, B ICA MO M
groups, we can easily determine the relative region ’Tf HOE - R ARET A2 LA TES. 1 EFAOH
of high or low incidence. There may be almost no PZIRIEE A CHIBIE R LA, ERTSEEMELET
problem for one factor, but it will be more complex Pl e 3
: . rh [ rr‘J 3 i o A?‘) E b
to handle or to detect the degree of association f[:] DEEEMEL, MlT 3L EhoTHM
L £

existing among two or more classifications.

(r=TCS |



Example 2: Four factors

The leukemia data which have been preclassified in
some order by four factors were used. Table 2
shows the number of leukemia cases for the period
1 October 1950 — 30 September 1966 among the
A-bomb survivors for the LSSE sample by city, sex,
age ATB and radiation dose:

i=1,2 (City: Hiroshima and Nagasaki)
i=1,2 (Sex: Male and Female)

k=1,2,3 (Age ATB: 0-14, 15-39 and 40+)
t=1,2,..,7 (Dose: 0-4,5-19, 20-49, 50-99, 100-

199,200-299 and 300+)

FlRE2: 4 BEROBE

A BRI Lo TR T 1T 32 S & he AL 7 — 5
AR E N, Z2xHadEELRAERI T, &l
A, PER, EAREREMS TN B kO M R BN (o, 19504
W0H1 A A 519664 9 A30H £ To WM hoRErs

oL TEESNEAMBEOREFMRERL TWa., ZEL,

=il (Al TR 4 K UFLE)

i=1, 2 (: BELUuxr)

k=1, 2, 3 (JEENEER: 0—14, 1539 L UF

40+)

v=1, 2, -, 7 ($E: 0—4, 5-—19, 20—49, 50—
99, 100—199, 200—299 &
FU3004).

TABLE 2 NUMBER OF LEUKEMIA CASES AMONG A-BOMB SURVIVORS FOR THE LSSE SAMPLE
BY CITY, SEX, AGE ATB AND DOSE 1 OCT. 1950 — 30 SEPT. 1966

#2
TEF K I e B A 0 kO R

& =N
AT

Bl IR ERE V  A i N P  R e -f - R S o Rl e W 8 1 R - 7 1 2
Fhl, 1950810H 1 0 —19664 9 H301

Radiation Dose (rad)

City Sex Age ATB

<5 5-19 20-49 50-99 100-199 200-299 300 +

<15 0 1 3 0 1 0 6

562] ~ 1671 582 296 150 66 83

Male 15-39 2 0 3 2 2 2 5

4601 1161 477 271 243 98 149

40 + 6 4 3 0 0 2 1

Hiroshima 5944 1625 681 407 317 88 131
<15 2 1 1 1 4 0 0

5455 1342 618 324 211 77 112

Female 15-39 1 2 2 3 2 1 4

10396 2816 1233 737 451 169 217

40 + 8 1 3 2 2 0 3

7278 1911 946 567 269 103 114

<15 1 0 0 0 1 3 2

1483 903 238 191 172 84 86

Male 15-39 1 0 0 0 1 1 1

1318 387 174 169 231 173 99

40 + 1 1 0 0 1 0 2

1088 502 207 149 121 79 70

Nagasaki B

<15 1 1 0 0 0 0 2

1638 951 261 202 195 109 85

Female 15-39 1 0 0 0 0 2 0

2315 1024 308 315 317 197 172

40 + 0 0 0 0 0 0 0

1147 732 166 147 135 45 47

Note: The number of cases with leukemia and without leukemia is shown for each subset, say, X ,,, =(0, 5621)

e MRS OISR O E SRS L

kg,

Xm=(0, 5621),

Source data of Table 2 were obtained from ABCC IBM Tab # 01822-7.

#2OEEEEABCC IBM Tab . 01822 — 7 & 5k /.



Let Xijxy = (Xjjkers> Xijkiz) be each component of Xog = (X0 X)) 2 4 BRIZE STHANIZTHE
groups preclassified by four factors. nNEBOENFTHLELED.

Each marginal total for X;;,, groups is composed of PO AED AR Ml LT

l;kt

[ 8, 23
ek —(60008, 18432)
for city,
Mz LT
S 59 , 50
? 32586, 45854
for sex,
FRBF AL T
. 31, 38, 40
*oke 23206, 30218, 25016
and for age,
FEU BEBIINLT
X - 24 11, 15, 8, 14 11 , 26
RS (48284, 15025, 5891, 3775, 2812, 1288, 1365
for dose.
The maximum of X? values obtained for each B.S. oM ENRS, MoORBAEGHPSHLHEIIEST
of four marginal totals is determined by Bohry FAROERBERRRORIIL-TRESNS.
2
X (,rd)=C max[A(T ),A( 55 1),m.1x A(Ts}, max A(’r )]
{ L 1<9°<2 1<4°<6 }
3 . L, d=1(#d), 2 (M), 3 (FEEF) 22134
where d = 1 (city), 2 (sex), 3 (age) or 4 (dose), and (BRE) 7. 2LT

(Xodsey +x....2)2 (109 + 78440)*
C, = =721.63
(Kinssy ¥ Xeoneq) (109%'78440)

Fons 1092
C, = = =0.15126
G AT SN ) 78549

862 23?2
Kol + =0.15173
=D 60094 18455
592 502
A2=1)= + =0.16109

32645 45904

11



312 782

max A 3y=max [A, 3_,y= —— + —— =0.15135
WL RO Bl S5
692 402
A3,y = + = 0.15286] = A,.3_,,=0.15286
72" 53493 25036 (=22
242 852
max A(,Y y = [max A("r4=1) = + = 0.25084,
1< <6 48308 30241
35?2 742
Aptoyy = + =0.37948,
0= "63344 15205
502 59?2
Ad = —— + =0.41044,
=3 69250 9299
582 S
= -+ =0.51760
Ay*=a) 73033 5516
722 372
A Al cq S + = 0.57726
(=5 " 5859 2690
832 26% :
A + — = 0575271 = A,.4__, =0.57726.
Nt ™ e 1391 Gr=s)
Thus, we have ik < Ml vol Bt o

max [A(,Y1:1)={].15173, A(72=l)20'16109: A(,¥3=2)=0.15286, A(74=5)=0‘57?26] = A(74=5)=0_57725_

The maximum of x* values is given by ARH o s, x?HHEOR AT

X? (y4=5y = 721.63 * [0.57726 — 0.15126] = 307.42.

As X* (4d) = 307.42 >3.841, w = Xy 1, ., Xj7)
is divided into two new groups,

ThHB. x?,a =307.42>3.84l OTHRHKILT 50
Ty = (X3 oy Xl BTO0H LW I A~ TS
sElah 5.

wi = Kjjkgs - Xijks)

W} = Xjke» Xijk7)



wherei=1,2;j=1,2;k=1,2,3.

The same process as described for w will be applied
by wf and w3.

Figure 2 shows each step of groups obtained by
means of a series of possible B.S. The final results
are shown in Figure 3. The appropriate incidence of
leukemia is evaluatud through nine new groups as
shown in Figure 3. [t was noted that the highest
region of leukemia incidence observed for the
period 1 October 1950 — 30 September 1966 was
3.3% (11/330) of a new group composed of males
who had been exposed to 200 rad or over at age
under 15 ATB. The second highest region was 1.6%
(14/901) of a new group composed of males who
had been exposed to 200 rad or over at age 15 or
over ATB. Thus, we can conclude that the risk of
leukemia is the highest among males who were
exposed to high radiation dose of 200 rad or over
at ages under 15 ATB.

IV. DISCUSSION

There are many papers associated with the reduction
of factors in which nonsignificant contributors are
removed from the model®® or the adjustment of
factors in which the effects of any factors are
adjusted or eliminated by techniques such as chi-
square or analysis of variance.’ " On the other
hand, the author attempted a different approach
for a binomial or multinomial sample preclassified
in some order by various factors. The reduction of
such binomial or multinomial data does not remove
completely any factor from the model or eliminate
simply the effects of any factors, but evaluates the
degree of association or the essential features by
combining or regrouping homogeneous groups of a
large number of preclassified groups by means of
binary splits. The procedure examines whether the
maximum of ¥? values for the possible 2 X 2 or
s X 2 partitions is less than a predetermined
critical value or not. It may be difficult to
choose a reasonable critical value as a criterion.
For the two examples used here, 3.841 for the 5%
point of a x? distribution with one degree of
freedom was used. Similarly, a constant value at the
5% point of a x? distribution with s-1 degree of
freedom for s X 2 partitions of multinomial data
will be used as a criterion. Such a critical value
determines a series of processes for regrouping of
homogeneous groups.
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ERELi=1, 2; =14 23 k=1, 2, 3TCHE3

@I L TERBO Bl 50 FNFhiCE
Haiha.

M2z —daafes 2 5o BRI &2 TG &R
ERLTVWS. REEREIFHIIZRFALTWVWS. 3Lk
nE, AMBOEERERTLOORL 0BEEE L T
fisha. 1950810H 1 H A 519664 9 F 30 H @ IR
CHEs A MERERED KD SRR, BEREEE
BS 1588 i 0 B T 200 rad L oo BB N & 2 0T A Mk
ECHEEAABTHES. 0L OEED Qe
233% (11730 )Th-r. KIZ, SuREERERT
S e r 0 B, BUERERE R 1S VL Lo T 200 rad
Voot s 20 A #BEE oA LOETHY,

FOEMMBmEEHEITL.6% (14,7901 )ThHh-7, 2O k&
312, IR O d b o BRI AR b L5 A% i o
W 200 rad B Eo @ity 20 A BATH S LS
S AT Lk kol

N. & =

EFLALFETAVERONBR-® £/2h 3 EEOR

WA AL CHEPGHOGHES T 0L AL ES T

Wb LB ) b EHOMNEIZMT S 240

BXAH B, —F, EHEH AL OERE I & > TR
CERIBEA £ 218 BARAR K

A AT

TH Iz s s

A5 Ak
Fo sl A EHERRIIET LSBT 20T
k4 <, 2REOFRLML
Bl T, MEEEOEME L O>THORGIZE > TH
EANH RPN EIBUIN ¢ 3 it

e d IR E L 2RO

THEjIz a2 D

FEISER AT 2 2 12 h 5.

HiEE LT, TR 2 X 25EEE s X2 5EHE
i b éXz #e AT B o fie ok AR - TED S NAHE
filf k9 e L

THEMAZHEMAESZ LGP LOBETHES. 2

whELitkEnArERNSE,
CTHuAEZEIZSOTIRABRELOX: 505 %

@ 3.841 & Hlv . [fRZ, 2HRF— 5D s X2 5

ChHLTIHEMEs — 1 Ox2 560 5 %85 T 0 5E Bl
HYEMEE L THMBEAS. 2ok BHEMAEC
FREOEMA L OMESO RGO —#EO TR ET 5.
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FIGURE 2 REDUCTION OF BINOMIAL DATA PRECLASSIFIED BY CITY, SEX, AGE AND RADIATION DOSE

2 fildi, tE, e B EUHIBER I Lo THRTIZ s W
2 = 2 =
X4} =" X fren =1y
12.656 >3.841 S 1.217 <3.841 5
3a: =l
e e IR {X_'k-]+x k'2) : Leukemia
- Kk 1 Xjjgeg k' =12 k=1 i o '{410&:j Naot Ieukl:rnia)
L}
2 - i s 2 B
X i=y"= Kijiep Xjjka) e X ="
63.690 > 3,841 M 1.191 </3.841
. ) e X +X o 21
22 (=)= iy = = = | eeelEias = (2{112?
30742 >3.841 4 2 - 2 h 2a =
i X s )T LG aq1a _ “ i, =D
Kijiey»++ - Xijks) 8.210>3.841 aal _ 4.153 >3.841 e 0.9359:23:841 )
—_—— (A (xljkil’xljkit) _2—_._ Xy 3+X%) 4 _(?”9
K3’ Xijka® Xijks? i, =07
Wi = 3.486 < 3.841
4414 _ o S e
Kijik3: Xijka® Xijks) - Wizs = (Xajs) Xigws { |54r
L ] 2 S xz =
it =47 LAt _ 0.0 <3.841
a1 6.463 > 1841 kA e I (Y =(_ 0
wif) =  — (Kgjk3 Xojig) A L 3% e = (o0
X2k Xajiar Xajkcs) 3 s;;'%’; ;411}
- 3. ;
=X = 3
A 3 (Xjks ) X35 "(rm
P
Ky -+ Xjjep)
jk7 2 =
5 ot =67
X =T 332 1668 <3841
1.844 >3.841 1 el +X — 11
King: Xipr7) et X o=(y,)
4
20 “":3‘
X = -
7 1;;2>3] ;41 Kitks: Xiner) X =y
: : witl= 1.974 <3.841 :
i e MR S e e =( 14
e itk 6 Xtk 7 g Ak ) —(8 ?)
Wy =
2 e
XKije' Xijr) o X =67
“aais 2.605 <C3.841 e
Kizks® Xigk7) ———a| X.2.6%X 3 =i

wherei=1, 2 (city);j=1, 2 (sex); k=1, 2, 3 (age), and D shows that the process of B.S. was terminated.

20T =1, 2 k=1, 2, I (FEM), HLCTEE N0 FHROBT 274,



FIGURE 3 FINAL RESULT OBTAINED BY MEANS OF B.S.
F3 24EiEIlLo TSN RBRER

Radiation Dose (rad)
Sex Age ATB
<5 | 5-19 | 20-49 | 50-99 [100—199| 200—299| 300+
R |
e Ay
& “ 11 § 4414 4414 //*.”'319’ <
o NS i 2N SN
m NI N
B Y AN
T <15
= w42 ==
Female 15—39 E = -_:"
N\ = (12aa7) —
40 +
sz
w777
. \. i0,2|52‘7}i‘ 1:;3,1171): \\\\
. =) gttt \
e
5 |
e <15
HEEE N
Female 156—39 ‘ | I ‘ ‘ |
NI
40+ T
LT

Note: Numbers in parentheses indicate number of leukemia cases and not leukemia cases.
FEr: oo amaEsll, FammmiE s,



Sugiura and Otake!® proposed the use of the
approximate critical point of 6.94 instead of 3.841.
They gave the approximate critical point for the
dizstrihution of le{,),) = max [?(2(1), xz(z),
X (p_l)] which is expressed in terms of the
multivariate normal probability of a p—1 dimen-
sional cube for large sample size, and showed that
such an approximate critical point of x2 is
reasonable in comparison with that of the exact
distribution of x? calculated on the basis of
numerical examples for two 2 X 3 tables with
different marginal totals.

The results of Table 1 gave the same 2 X 3 table
even when the critical value of 6.94 instead of 3.841
was used, but the results of Table 2 differed from
that of Figure 3 when the critical value of 3.841
was used for both city and sex, 5.00 for age, and
6.94 for dose according to the size of the groups
for each marginal total of the four factors. The
results gave seven new groups which can be easily
evaluated as meaningful classifications from Figure
2. Two new groups were obtained which were no
longer split: (X.;., + X.;.;) and (Xyeeg +
Xi++q * X ..5). The remaining five new groups
were quite the same as the regrouping of groups
obtained by use of the critical value of 3.841.
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FL0 & AT 12 3,841 S h 0 126,94 0 {LL Ay BE i 2 o
MAEMMEL . AASiEp— L REERM O EHE
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X2, 1t ORI B 2O A LR L, #it
Wx?,, OEMMEESHFELAHORE 5502 X3
SR ORI T O THE X S Wx:,, o

exact MDA LN TEYUMEDH S ETL 7.

Z1OERIE3.84 0D 6. MO HEM AT 5 A
EEIEICLREIBO 2 X3 ELXE L 5N,
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20T,

4 £ USR5
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