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1. INTRODUCTION 

Consider the problem of testing for independence 
in a two-way table with I rows and J columns. The 
hypothesis Of interest is 

He: 1~ = ~+P+j, for i - 1, 2, ..., I; j - 1, 2, ..., J, 

where pii,= the population p{oportion in (i, j)th cell, 
1>,+ = II'j..unp, and p+.~ =. oil -lP . The. conventional. 
Pearson/:hi-squared statistic ~or ~estmg He ts 

X l = nl1 II , (1) 
 -u-t f , . f . j  

where/~, is an unbiased estimator of Pu-However, 
complex=sample designs usually invalidafi: the direct 
application of the Pearson chi-squared statistics to test 
independence in a cross-classified table. 

Let ~ and ~ be the estimated deffs of f~l. and/~÷,, 
respectively, an~l da 1~ the estimated deffs of f~,. A 
modified statistic, X~, proposed by Rao and Scott 
(1981, 1984), is given by 

- x z / 8 . ,  

where ~ - 

I x J  x J 
2] II (1 -p,÷p+j)d~j- 2] (1 -p,+)d~- I] (1 -p÷))dj. 0 

~lI GUD i l )~j  1 ) i ~lim l j  Ill' 1 i ' l  J ' '  

2.  S T A T E M E N T  O F  T H E  PROBLEM 

modification factor, 8 ,  of 1.210. 
However, the info/'mation on estimated deffs may 

not be complete in a published report. Typically, some 
marginal deffs are reported, if any, to measure the 
impact of survey design. The exact Rao-Scott chi- 
squared statistic can not be computed under this 
situation. This paper  will examine some reasonable 
substitutes to the Rao-Scott chi-squared statistic to 
test independence of two-way cross-classification 
tables, and suggests a new approximate Rao-Scott 
modification tactor under a lack of complete 
information on cell deffs. 

3. SUBSTITUTES TO RAO-SCOTI" STATISTIC 

3.1.  Known Cell D e f f s  
The first immediate substitute to the Raq-Scott 

modification factor is the mean eigenvalue, ;L., for 
goodness-of-fit problem: 

I ! 

• (LI-I)~.~j .~ 

The second substitute is the arithmetic mean, a., 
of cell deffs (FeUegi, 1980): 

l I 

a = 0) 
• U i = l j = l  ~J 

If J[ and a are given, ~ is usually available or the 
calcfilation of 8 is also possible unless marginal deffs 
are missing. Ac~r~ingly, the first two substiLutes ~ e  
not necessary and 6 should be preferred to ~ and d 
as long as the computing is realistically possible. " 

As we see in (2), the Rao-Scott chi-squared 
statistic can be Obtained with the complete 
information on the estimated cell proportions f~, and 
their estimated deffs ~j, and the estimated deffs ~ and 

of the marginal proportions ~i. andi~÷j 
respectively. 

Table 1 shows the estimated popupation 
proportions of drinking levels by age group of 1081 
women in 1991, and Table 2 shows corresponding cell 
and marginal deffs. Our data come from a 
longitudinal study of drinking behavior among U.S. 
women riving in non-institutional settings (The 
National Longitudinal Study of Women's Drinking, 
Sharon C. W-dsnack & Richard W. Wilsnack, Co- 
principal investigators, funded by the National 
Institute on Alcohol Abuse and Alcoholism). The 
conventional Pearson chi-squared statistic, X z, for 
testing independence between drinking level and age 
is 124.692 with 12 degrees pf freedom. The Rao-Scott 
chi-squared statistic, X~, is 103.051 with the 

3.2. Known Marginal Deffs and Unknown Cell Deffs 
Now consider a situation where ~ and ~ are 

known but ~. are not This situation is (It uite a 
common one m pracUce, particularly m published 
reports. 

The immediate substitute uses the smaller or • o 
minimum value,-~ , of average deffs for rows and 
column marginals "(Holt, Scott, and Ewings, 1980): 

I J 

a -- mi CZd/l, Zd/J). 0 
1=1 j= t  

This has been considered as the best subsitute. We 
propose a better approximate Rao-Scott modification 
]~actor, 6 . Smce di.~ are not available, each di.j m 
replaced "by the sm/dler value of di and d~, i.e., 
rain(d,, (1.3. Using (2)~ the new approximate Rad-Scott 
modiflcatrion factor, 6. mffi, is 
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~ m  = 1 

I , " - ' - - - -  : ( I - 1 ) 0 - 1 ) "  I 
lI II ((1 -~ijLj)-min[dpdt])- lI (1 -~i.)~- II (1-1~.j)dj. (~ 
J=lj=1 i=1 j=t 

4. EMPIRICAL RESULTS 

For a two-way table with known marginal deffs 
but with unknowp_~ell deffs, we have suggested a new 
approximation, 6 - - ,  for the Rao-Scott modification 
factor. In this section, we examine the performance of 
each substitute (~., a ,  a"**, and 6 1 ) ,  and show 

,,a is a better" ai~prfximation "of Rao-Scott 
modification factor under a lack of complete 
information on deffs specified above, as compared to 
other substitutes. 

Table 3 shows the sizes of each modification 
factor and their differences from the Rao-Scott factor. 
The mean eigenvalue for goodness-of-fit (~ )  is 1.415, 
which is larger than the Rao-S~ott modification factor, 
6 ,  (1.210). The mean deft (d),  or arithmetic mean 
vaiue of.cell deffs, is 1.438. Sin'aller average marginal 
deft (a urn) is 1.487. Our proposed approximated Rao- 
Scott factor (~ma*) is 1.188, which isquite close to the 
true Rao-Scott'modification factor, 6., as compared to 
other substitutes. 
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TABLES 

Table 1. Estimated population proportions of women's 
drinking levels by age group (n= 1,081) 

Drinking Age ~oups 
level 21-34 3 5 - 4 9  50-64 65- Total 

1 .0779 . 1 0 8 6  . 0949  . 1403  .4217 
.0263 . 0 1 7 5  .0085  . 0019  .0542 
.1363 . 1 3 1 4  .0706  . 0442  .3825 
.0484 . 0 3 4 9  .0225  .0089  .1147 
.0134 . 0 0 8 0  . 0 0 3 2  .1X)23 .0269 

Total . 3 0 2 3  . 3 0 0 4  .1997 .976 1 

Note; Drinking level: (1) Abstainers, (2)Temporary 
abstainers, (3) Lighter drinkers, (4) Moderate 
drinkers, (5) Heavier drinkers. 

Table 2. Cell and marginal deffs of women's drinking 
levels by age group (n= 1,081). 

Drinking Age group~ 
level 21-34 3 5 - 4 9  50-64 65- Total 

1 .9755 2.1746 1.9773 33916 2.2137 
1.2210 1.7189 1.6753 .4994 1.5298 
.9897 2.6144 2.0835 1.5397 1.5261 
.8089 . 9 3 7 5  .9850 2,1393 1.1926 

1.0299 . 6 9 6 8  .7015  . 6003  .9704 
al 123136 2.5720 2.1833 2.9280 

Note; Drinking level: (1) Abstainers, (2)Temporary 
abstainers, (3) Lighter drinkers, (4) Moderate 
drinkers, (5) Heavier drinkers. 

Table 3. Sizes of substitutive modification factors. 

Modification factor Size 

Mean eigenyalue(~. ) 1.415 
Mean deft(d. ) " 1.438 
Smaller average marginal de_if(a. ~ )  1.487 
Appr oxim a~ed Rao-Scott (8.--) 1.188 
Rao-Scott(6.) 1.120 
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