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I Introduction 

An important problem when collecting 
data involving several raters' rating on 
objects is whether.or not the raters 
display a reasonable level of agreement. 
For continuous response data, intraclass 
correlation coefficient (e.g., Haggard, 
1958) can be used as an appropriate 
agreement measure. However, with non - 
continuous response data (i.e., nominal 
or ordinal data), the standard intraclass 
correlation coefficient is not an appro- 
priate measure of agreement. Goodman and 
Kruskal (1954) suggested that for the 
situation when each of the r raters 
independently assigns N responses (one to 
each of the N objects) among I categories, 
a measure of agreement, adjusted for 
chance, among r raters is needed. 

Many coefficients of relative agreement 
measure have been proposed within the 
last two decades. Cohen (1960) suggested 
an agreement coefficient called Kappa (K) 

to measure the relative agreement level 
for two raters. Asymptotic distribution 
of the maximum likelihood estimator of 
Kappa was given by Fleiss, Cohen, and 
Everitt (1969) and also by Bishop, Fien- 
berg, and Holland (1975). Extension of 
Kappa coefficient to more two raters 
situation have been considered by Fleiss 
(1971), Light (1971) , Lin (1975) , and 
others. In the works of Fleiss and Light 
the extension to more than two raters 
have been restricted to a special case, 
namely, an agreement measure based on 
average pairwise agreements. The exten- 
sion by Lin is also for a special situa- 
tion while only the raw complete agree- 
ment (e.g., for r = 3, all three raters 
agree) score is used to define the rela- 
tive Kappa coefficient. While all these 
extensions are useful for many practical 
situations, there exists a need for a 
more general Kappa -type agreement coef- 
ficient for more than two raters. 

In this paper we define a new weighted 
Kappa -type coefficient using both the 
complete and some high partial agreement 
scores with weights. For example, in a 
three raters case, we could define a 
weighted Kappa based on at least two out 
of three raters agreeing, with some weight 

attached to the partial agree- 
ment where exactly two of the three raters 
agree. While the general weighted Kappa 
for r0 can be easily obtained, only three 
raters situations will be illustrated. 
The asymptotic distribution for the maxi- 
mum likelihood estimator of weighted Kappa 
is obtained. Some potential values of 
weights are also suggested. 
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II Weighted Kappa Based on at Least 
Two of Three Raters Agree 

For a three raters case, let Pijk be the 

probability that an object is assigned to 
cell (i,j,k) for i,j,k = 1,2,3, - --,I, in 
the IxIxI contingency table and the 
weight W be a pre- assigned non- negative 
constant Then a weighted Kappa - 
type agreement coefficient based on at 
least two of the three raters agree can 
be defined as: 

K3-2 (A-B)/(1-B) 

where A = + 
i 

(1) 
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III Results 

Let p3-2 be the maximum likelihood esti- 
mator of K3_2 with a fixed N, the total 
number of objects being rated. The fol- 
lowing results can be shown: 

Theorem 

Assuming nultinomial sample model, the 
asymptotic distribution of 2 -2) 
normal with mean zero and variance. 

a2 = V/(1-B)" 
-2 

where V = A(1-A(1-B2) + 

(1-A)2(0,-(4) + 

2(1-A)(1-B)(0105-03) 
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where 03 
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and S.. =1.1 if i =j =k 
if otherwise. 

With great care in calculations, the 
proof of the above theorem can be ob- 
tained in a straightforward fashion fol- 
lowing a result from Goodman and Kruskal 
(1972). The asymptotic distribution of 
K3_2 under the null case (when all three 
raters are independent) is given in the 
following corollary. 

Corollary 

With the same assumptions as in above 
theorem and in addition if Pijk = 

P P for all i,j,k, then the 
i.. .j ..k 

asymptotic distribution of /N(K3_2-K3_2) 
is normal with mean zero and variance 

= 14/(1-B)" (3) 

-2 

where Vo = B(1- B)3 +(1- B)2(Ok -O20+ 
2(1-B)2(0105 -03) 

and 01,03, and 05 are as defined 
above. 

To construct confidence intervals for 
K3-2, the asymptotic standard deviation 
based on that obtained from the above 
theorem can be used. For example, 95% 
asymptotic confidence interval for K3_2 
is given by 

3 -2 
To test the null hypothesis that all 
three raters are independent (which im- 
plies that K3 -2 equals to zero but the 
reverse is not necessarily true) the 
asymptotic standard deviation for 123_2 

given in the corollary should be used. 
That is, the ratio, z= can 

-2 
be used in conjunction with the normal 
table for level of significance. 

IV Example 

The following example gives the observed 
cell proportions based on three food 
experts' rating of 134 food items in terms 
of their taste using a three category 
rating scale (3 =good, 2 =fair, and 1 =poor 
tasting quality). 
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Table 1 

Judge 

Pi. 
1 2 3 

1 2 3 

i .09 .09 

1 2 .15 

3 .06 .06 

1 .03 .03 

2 2 .07 .10 .17 .27 

3 .02 .05 .07 

1 

3 2 .02 .02 .58 

3 .05 .51 .56 

.11 .17 .72 1.00 1.00 

P.1. = .12, P.2. .19, P.3. .69 

Using equations (1) and (2) with W =1/3, 
we obtain the estimated weighted Kappa 
for the above example: 
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= .068 

3-2 

Thus, the 95% confidence intervals for 

K3 -2 is estimated to be (.396, .662). 

Initial simulation results done by Pro- 
fessor E. Chen of the University of 
Illinois shows that the normality of -2 

is easily achieved for sample size N =100 

based on the probability model as des- 
cribed in Table 1. Further simulations 
are being planned for various probability 
models and different kinds of weights. 
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