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Testing the Normal Approximation and Minimal
Sample Size Requirements of Weighted Kappa
When the Number of Categories is Large
Domenic V. Cicchetti
West Haven VA Medical Center and Yale University

The results of this computer simulation study in-
dicate that the weighted kappa statistic, employing
a standard error developed by Fleiss, Cohen, and
Everitt (1969), holds for a large number of k cate-
gories of classification (e.g., 8 < k &prcue; 10). These
data are entirely consistent with an earlier study
(Cicchetti & Fleiss, 1977), which showed the same
results for 3 &prcue; k &prcue; 7. The two studies also indicate
that the minimal N required for the valid ap-
plication of weighted kappa can be easily approxi-
mated by the simple formula 2k2. This produces
sample sizes that vary between a low of about 20
(when k = 3) to a high of about 200 (when k = 10).
Finally, the range 3 &prcue; k &prcue; 10 should encompass
most extant clinical scales of classification.
...--, -..,-.., -.....--. ---.-- -. -.---...--,.-...

In a previous monte carlo (computer simula-
tion) study, Cicchetti and Fleiss (1977) demon-
strated that the normal approximation of the
distribution of weighted kappa (x,,,), based upon
a standard error proposed earlier by Fleiss,
Cohen, and Everitt (1969), is valid for 3 < k < 7

ordinal categories (k) of classification, even un-
der conditions in which sets of rater marginals
differ markedly one from the other. Also, the
minimal sample sizes for the valid application of
x~ are closely approximated by the formula 2kZ 2
in which k, once again, denotes the number of
ordinal categories of classification. Specifically,
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this formula yields the following approximate
minimal sample sizes (N) for ordinal scales

ranging between 3 and 7 categories: for k = 3, N
= 20; fork = 4, N = 30; fork = 5, N = 50 ; fork =

6,N=75; and for k = 7, N = 100.
In this report, the same type of monte carlo re-

search is extended to 8 < k < 10 categories of
ordinal classification in order to encompass
those clinical scales composed of more than 7
categories, e.g., neuropsychiatric symptom
scales developed for assessing extent of phobic
reactions (Gelder & Marks, 1966; Watson,
Gaind, & Marks, 1971) and for assessing various
types of personality disorders (Tyrer & Alexan-
der, 1979; Tyrer, Alexander, Cicchetti, Cohen,
& Remington, 1979).

Method

The computer simulation technique was

identical to that used in the previous Cicchetti
and Fleiss (1977) study. The following pa-
rameters were systematically varied:
1. The number of scale points or k categories

of ordinal classification, which ranged be-
tween 8 and 10.

2. The number of subjects, N, which ranged
between approximately 2k2 and 16k2.

3. The quantities (n,, n;; i, j = 1,...,k) once
again denoted the underlying simulated
rater marginal probabilities used to gener-
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ate each set of tables. As previously, for
each value of k and N, three pairs of mar-
ginal probabilities were studied:
(a) uniform marginals (n, = n, = Ilk for

all i andj);
(b) moderately different marginals with

ranging between .0375 and .0444, de-
pending on the value of k ; and

(c) markedly different marginals with
values derived from Equation 1 and
ranging between .15 and .16. In this
condition the underlying marginal
probabilities for Rater 1 were taken to
be the exact reverse of those for Rater
2. For the 9-point ordinal scale, for ex-
ample, the simulated (on-the-average)
Rater 1 marginal proportions were
.30, .25, .15, .10, .08, .03, .03, .03, and
.03, while the corresponding propor-
tions (on the average) for Rater 2 mar-
ginals became .03, .03, .03, .03, .08,
.10, .15, .25, and .30.

For each combination of N, k, and marginal
configurations (as defined above) 8,000 tables
(or runs) were generated at random by a pro-
gram written for the IBM 360. Finally, the for-

mulae for the rater agreement weights were the
same as those utilized in the earlier Cicchetti
and Fleiss (1977) research. These ranged be-
tween 1 (complete rater agreement) and 0 (com-
plete rater disagreement or being as far apart as
the range of scale points will allow, e.g., 1-9 or
9-1 pairings on a 9-category ordinal scale of
classification). These linear agreement weight-
ing systems were derived earlier by Cicchetti
(1976) and are given by the formula

I-li-jl/(k-1), where i and j are the categories of
assignment by Raters 1 and 2.

Results

The findings of this followup monte carlo in-
vestigation confirmed that (1) the normal ap-
proximation to the null distribution of weighted
kappa is valid for 8 < k < 10 categories of or-
dinal classification; (2) the minimal number of
cases required for the valid application of

weighted kappa is still well approximated by the
formula 2k2; and (3) the above results hold well
even under the condition of markedly different
simulated rater marginals. This means that the
approximate minimal sample sizes required for
the valid application of the weighted kappa sta-
tistic, become, respectively: for k = 8, N = 125;
for k = 9, N =160; and for k =10, N = 200.

Table 1
Central Moments of Null Distribution of Kw for a

10 Category Ordinal Scale With Marked
Differences in Rater Mareinals

Note. Underlying marginal probabilities were .25,
.25, .20, .15, .05, .02, .02, .02, .02, and .02 for
Rater 1; and .02, .02, .02, .02, .02, .05, .15, .20,
.25, and .25 for Rater 2.
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Table 2

Empirical Tail Areas of Null Distribution of Kw for a
10 Category Ordinal Scale With Marked
Differences in Rater Marginals, for

One-Sided and Two-Sided Intervals

Note.Underlying marginal probabilities were .25, .25, .20,
.15, .05, .02, .02, .02, .02, and .02 for Rater 1; and .02,
.02, .02, .02, .02, .05, .15, .20, .25, and .25 for Rater 2.

Since the findings of this computer simulation
held for each category (8 < k < 10) and each
condition of rater marginals (uniform, moder-
ately different, and markedly different), the re-
sults will be presented only for the 10-category
ordinal scale under the stringent condition of
markedly different rater marginals.

Discussion and Conclusions

The results of this followup investigation are
quite straightforward. Viewed in conjunction
with the results previously published by Cic-
chetti and Fleiss (1977), it can be concluded that
the weighted kappa statistic (due to Cohen,
1968) can be validly applied in the null case, for
scales ranging between 3 < k < 10 categories,
even under conditions in which the underlying
rater marginals are quite markedly different,
providing only that the minimal number of cases
evaluated by any given pair of raters is at least of
the order of about 2A~. This produces approxi-
mate N’s ranging between about 20 for three
categories of classification to about 200 when
the number of ordinal categories is 10. Thus, the
implied conservative minimal N of 200 cases, ir-

respective of the number of k categories of clas-
sification (see Fleiss, Cohen, & Everitt, 1969), is
only required when k = 10. As noted elsewhere
(Cicchetti & Fleiss, 1977), this finding should be
of comfort to research investigators utilizing the
kappa statistics, since it is often difficult to ob-
tain sample sizes of > 200.
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