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ABSTRACT 

Background: To estimate sample size for Cohen’s kappa agreement test can be challenging especially when dealing 
with various effect sizes. This study aimed to present minimum sample size determination for Cohen’s kappa under 
different scenarios when certain assumptions are held.
Methods: The sample size formula was introduced by Flack and colleagues (1988). The power was pre-specified 
to be at least 80% and 90% while alpha was set at less than 0.05. The effect sizes were derived from several pre-
specified estimates such as the pattern of the true marginal rating frequencies and the difference between the two 
kappa coefficients in the hypothesis testing. 
Results: When the true marginal rating frequencies are the same, the minimum sample size determination ranges from 2 
to 927 depending on the actual value of the effect size. When the true marginal rating frequencies are not the same, then 
the majority of the minimum sample size required for this condition is more than double than that required sample size when 
the true marginal rating frequencies are the same. 
Conclusion: Concerning that the sample size formula could produce a very extreme small sample size, the determination 
of K1 and K2 should be based on reasonable estimates. We recommend for all sample size determinations for 
Cohen’s kappa agreement test, the true marginal rating frequencies can be assumed to be the same. Otherwise, it 
will be necessary to multiply the estimated minimum sample size by two to accommodate if the true marginal rating 
frequencies are not the same. 
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INTRODUCTION

Determination of a minimum required sample size 
is one of the major requirements when planning for an 

inferential study. Researchers especially those who are 
non-statisticians may find it difficult to determine a minimum 
required sample size for their studies. Although there are 
softwares available for sample size determination, but 
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only those researchers with a basic understanding of a 
particular statistical test can appreciate the usefulness of 
these softwares. 

Sample size is a function of alpha (type I error), 
power (1 – type II error) and effect size. To simplify all 
calculations, alpha and power are usually set at 0.05 
and 80.0% respectively. Cohen’s kappa coefficient is a 
test statistic which determines the degree of agreement 
between two different evaluations from a response variable. 
The response variable must be in categorical form. The 
evaluations of the response variable are observed either 
by two different raters or by the same rater at two different 
times [1]. 

The scenario of an evaluation by same rater at 
two different times usually applies in test-retest reliability 
studies [2-5]. By assumption, kappa requires statistical 
independence of raters. The scenario can be considered 
as independent because the response from the same 
rater in time 2 should be free from the effect of his/her 
response in time 1. Therefore, researcher will have to give 
some amounts of lag time for about 1 to 3 weeks before 
responses at time 2 can be observed. The idea is to 
measure to what extent responses at time 2 are agreeable 
with responses at time 1. The range of kappa’s coefficient 
lies between -1 and 1 where kappa equal to -1 indicates 
perfect disagreement and kappa equal to 1 indicates 
perfect agreement.

Inter-rater agreement is usually a measure of the 
agreement by different raters; who may be using the same 
scale, instrument, classification or procedure to assess the 
same objects (or subjects). Intra-rater agreement, on the 
other hand, is also referred to as ‘test–retest agreement’ in 
which a measure of the agreement by the same rater, who 
may be using the same scale, instrument, classification or 
procedure to assess the same objects (or subjects), albeit 
at two different times. The technical application of Cohen’s 
kappa test in reliability studies have been discussed in 
depth by previous studies [6-9]. 

An important requirement prior to conducting statistical 
analysis for Cohen’s kappa agreement test is to determine 
the minimum sample size required for attaining a particular 
power for this test. Previous study has proposed to derive 
a minimum sample size required based on simulation 
[10], while other proposes to derive it based on manual 
calculation which was also presented as a summary table 
for determining the minimum sample size required [11-12]. 
Cantor (1998) provides a very useful formula to estimate 
sample size and it requires the researcher to estimate 
asymptomatic variance for kappa [11]. Meanwhile, Sim 
and Wright (2005), provides a summary table showing 
estimated sample size based on a goodness-of-fit formula 
by Donner and Eliasziw (1992) but with limited options 
of the effect size. Although all these guidelines are now 
available, however they can still be improved further 
especially on how to determine the minimum sample size 
required for conducting for a range of varying effect sizes.

The determination of a minimum sample size required 
for conducting the Cohen’s kappa agreement test can be 
difficult for a non-statistician because it involves various 
considerations. Since the minimum sample size required 
for kappa agreement test can vary widely depending on 
the choice of the effect size, it is necessary to derive an 
almost complete tabulation of all the minimum sample sizes 
required for conducting the Cohen’s kappa agreement 
test for a wide range of varying effect sizes. This study 
aimed to determine a minimum sample size required 
for conducting the Cohen’s kappa agreement test in 
accordance to a wide range of varying effect sizes and 
develop a guide for estimation of sample size using the 
tabulated results of this study. 

METHODS

Sample size calculations were performed using 
PASS software (Hintze, J. (2011). PASS 11. NCSS, LLC. 
Kaysville, Utah, USA) and the formula of the sample size 
calculation for conducting Cohen’s kappa agreement test 
was introduced by Flack et. al. (1988) [9]. Based on 
this formula, all the calculations are based on rating of 
k categories from two raters or the rating from the same 
rater such as in test-retest reliability study. In practice, 
the category frequencies may not be equivalent, but 
the standard error maximization method of Flack, Afifi, 
Lachenbruch, and Schouten (1988) assumes that the 
category frequencies are equal for both raters. Therefore, 
only one set of frequencies is needed (Figure 1).​  Full 
derivation of the formula for determining this minimum 
sample size required and the assumptions and notations 
for this hypothesis testing are presented in a statistical 
manual which was published elsewhere [13]. 

The determination of a minimum sample size 
requirement is based on the pre-specified values of power, 
type I error (alpha) and effect size. The main parameters 
that can affect the effect size are (i) the total number of 
categories in the contingency table (here, the total number 
of categories represents the total number of possible ratings 
for a nominal item or an ordinal item), (ii) the frequencies or 
proportion in each category which indicates the response 
of an agreement (iii) the values of the kappa coefficients 
(K1 and K2) for hypothesis testing and (iv) the difference 
between the two Cohen’s kappa coefficient (K1 and K2) 
for hypothesis testing.

To simplify the process of mathematical computations, 
the power is pre-specified to be at 80% and 90%. 
The alpha is set to be 0.05 and a two-sided t-test was 
conducted where the values for K1 can be either greater 
than or less than K2. The various categories of contingency 
tables will range from a ‘2-by-2’ table to a ’10-by-10’ 
table. Since the degree of interrater agreement will be 
measured by either assessing it from ratings of two different 
raters, or ratings from the same rater (but at two different 
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times). As such the cross-tabulation table will always be 
symmetrical. Meanwhile, the total number of category 
represents the total number of category of the response 
variable in a categorical form.

First of all, the minimum required sample sizes 
were calculated based on the assumption that all the 
possible different ratings by both raters are assumed to 
be proportional to one another in the contingency table. 
In other words, we assumed that the true marginal rating 
frequencies are the same. For example, say we have 
a binary response item with two categories (“yes” or 
“no”), so all the ratings will be tabulated in a 2 by 2 
contingency table, from which the degree of inter-rater 
agreement can be measured. The proportion is assumed 
to be proportional to one another when it refers to an 
equal rating by the two raters in responding the scale 
such as 0.5 for response “yes” and also 0.5 for response 
“no” by both raters. On the other hand, the response can 

also be 0.6 for response “yes” and also 0.4 for response 
“no” by both raters. In other words, the response for the 
categories can be different but the formula by Flack et. al. 
(1988) assumed that the responses by both raters are the 
same. The values of kappa coefficient which are fixed for 
K1 shall range from 0.0, 0.3, 0.5 and 0.7; while those 
fixed for K2 shall range from 0.2, 0.3, 0.4, 0.5, 0.6, 
0.7, 0.8 and 0.9. K2 refers to an expected or formulated 
kappa coefficient which is hypothesized to be far from 
K1. K1 and K2 can represent response by first rater and 
second rater respectively or a response from a test-retest 
reliability studies. 

Additional analyses were performed to determine the 
extent to which these minimum sample size requirements 
will change when true marginal rating frequencies are not 
the same for each category. These different frequencies 
or proportions of ratings by both raters shall represent all 
the possible levels of inter-rater agreement, which shall be 

FIGURE 1. Illustration on the changes of the minimum number of sample size for kappa agreement test due to the changes in the 
proportion for each category

RATER 2
Strongly 
agree Agree Disagree Strongly disagree Total

RATER 1

Strongly agree P11 P12 P13 P14 0.25

Agree P21 P22 P23 P24 0.25

Disagree P31 P32 P33 P34 0.25

Strongly disagree P41 P42 P43 P44 0.25

Total 0.25 0.25 0.25 0.25 1.00

Power at 0.8; minimum sample size required; n=18
Power at 0.9; minimum sample size required; n=25

RATER 2
Strongly 
agree Agree Disagree Strongly disagree Total

RATER 1

Strongly agree P11 P12 P13 P14 0.10

Agree P21 P22 P23 P24 0.20

Disagree P31 P32 P33 P34 0.30

Strongly disagree P41 P42 P43 P44 0.40

Total 0.10 0.20 0.30 0.40 1.00

Power at 0.8; minimum sample size required; n=36
Power at 0.9; minimum sample size required; n=48

Rater 2

Strongly 
agree Agree Disagree Strongly disagree Total

RATER 1

Strongly agree P11 P12 P13 P14 0.10

Agree P21 P22 P23 P24 0.20

Disagree P31 P32 P33 P34 0.30

Strongly disagree P41 P42 P43 P44 0.40

Total 0.10 0.10 0.10 0.70 1.00

Power at 0.8; minimum sample size required; n=35
Power at 0.9; minimum sample size required; n=48

The calculation are conducted when alpha is set at 0.05 and by two-sided test; 
K1=0.0 versus K2=0.4
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TABLE 1. Sample size calculation for kappa at category 2 until 7 when proportion each category is assumed at proportionate

Category K1 K2 na nb Category K1 K2 na nb Category K1 K2 na nb

2×2 0.0 0.2 194 259 4×4 0.0 0.2 71 97 6×6 0.0 0.2 49 68

0.3 85 113 0.3 32 44 0.3 23 32

0.4 47 62 0.4 18 25 0.4 13 18

0.5 29 38 0.5 12 16 0.5 8 12

0.6 20 25 0.6 8 11 0.6 6 8

0.7 14 17 0.7 6 7 0.7 4 6

0.8 10 12 0.8 4 5 0.8 3 4

0.9 7 8 0.9 3 4 0.9 2 3

0.3 0.4 698 927 0.3 0.4 348 465 0.3 0.4 283 380

0.5 169 222 0.5 86 114 0.5 70 94

0.6 72 94 0.6 37 49 0.6 31 41

0.7 39 49 0.7 20 26 0.7 17 22

0.8 23 28 0.8 12 15 0.8 10 13

0.9 14 17 0.9 8 9 0.9 6 8

0.5 0.6 563 742 0.5 0.6 317 420 0.5 0.6 271 359

0.7 133 171 0.7 76 98 0.7 65 85

0.8 54 68 0.8 31 40 0.8 27 34

0.9 27 32 0.9 16 19 0.9 14 16

0.7 0.8 363 471 0.7 0.8 223 290 0.7 0.8 196 255

0.9 79 96 0.9 49 60 0.9 43 53

3×3 0.0 0.2 117 157 5×5 0.0 0.2 56 77 7×7 0.0 0.2 46 64

0.3 52 70 0.3 26 36 0.3 21 30

0.4 29 39 0.4 15 20 0.4 12 17

0.5 18 24 0.5 9 13 0.5 8 11

0.6 12 16 0.6 7 9 0.6 6 8

0.7 9 11 0.7 5 6 0.7 4 5

0.8 6 8 0.8 3 4 0.8 3 4

0.9 5 5 0.9 2 3 0.9 2 3

0.3 0.4 469 624 0.3 0.4 304 407 0.3 0.4 272 364

0.5 115 151 0.5 75 101 0.5 68 90

0.6 49 64 0.6 33 43 0.6 30 39

0.7 26 34 0.7 18 23 0.7 16 21

0.8 16 20 0.8 11 14 0.8 10 12

0.9 10 12 0.9 7 8 0.9 6 7

0.5 0.6 397 525 0.5 0.6 286 380 0.5 0.6 261 347

0.7 94 122 0.7 69 89 0.7 63 82

0.8 39 49 0.8 28 36 0.8 26 33

0.9 19 23 0.9 14 17 0.9 13 16

0.7 0.8 266 345 0.7 0.8 206 267 0.7 0.8 190 247

0.9 58 71 0.9 45 55 0.9 41 51

na Result derived based on power at 80.0% and alpha of 0.05
nb Result derived based on power at 90.0% and alpha of 0.05
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subject to Cohen’s kappa agreement test. This is because 
the effect size can take on a wide range of values since 
the proportion of rating in each category (that indicates a 
particular level of an agreement) can range from very low 
to very high. An example of how varying the proportions 
of rating in each category can affect the minimum required 
sample size determination is illustrated in Figure 1.

RESULTS

When the true marginal rating frequencies are the 
same, the minimum required sample size for conducting 
the Cohen’s kappa agreement test shall range from 2 to 
927 depending on the actual effect size since the power 
(80.0% or 90.0%) and alpha less than 0.05) have already 
been fixed. In addition, a category with the higher scale 
(which consists of a larger number of possible categories) 
will yield a smaller minimum sample size requirement. For 
instance, using the same effect size (K1=0.0 vs K2=0.2), 
the 2-category will yield a minimum sample size of 194 
while a 10-category will yield a minimum sample size of 
only 29. Apart from that, a smaller difference between 
the two Cohen’s kappa coefficient values (K1 and K2) will 
require a larger minimum sample size. For example, for the 
contingency tables in the same category (‘2-by-2’ table), a 

difference of 0.2 (K1=0.0 vs K2=0.2) will yield a minimum 
sample size of 194; while a difference of 0.3 (K1=0.0 vs 
K2=0.3), 0.4 (K1=0.0 vs K2=0.4) and 0.5 (K1=0.0 vs 
K2=0.5) will yield a minimum sample size of 85, 47 and 
29 respectively (Table 1 and Table 2). 

Additional analyses which have incorporated a 
range of varying frequencies or proportions (of ratings in 
agreement by both raters) in each category have proposed 
that the minimum required sample size for conducting 
Cohen’s kappa agreement test is roughly between two to 
ten times more than sample size required when the true 
marginal rating frequencies or proportions are the same 
(refer to Table 3 and Table 4). For instance, a minimum 
sample size of 272 is required for category 7 with K1=0.3 
versus K2=0.4 when the true marginal rating frequencies 
are the same (Table 1). However, sample size of 2547 
is required for the same total number of categories and 
same values for the two Cohen’s kappa coefficient values 
(K1 and K2) when the true marginal rating frequencies are 
not the same. This represents 9.4 times (2547/272) more 
than the desired sample size when compare with sample 
size requirement if the true marginal rating frequencies 
or proportions are the same. In this case, the proportion 
(of ratings in agreement by both raters) in each category 
is pre-specified at a very extreme pattern such as 0.01, 
0.01, 0.01, 0.01, 0.01, 0.01 and 0.94 (Table 4). 

TABLE 2. Sample size calculation for kappa at category 8 to 10 when proportion in each category is assumed at proportionate

Category K1 K2 na nb Category K1 K2 na nb Category K1 K2 na nb

8×8 0.0 0.2 35 50 9×9 0.0 0.2 35 50 10×10 0.0 0.2 29 42

  0.3 17 24   0.3 17 24   0.3 14 20

  0.4 10 14   0.4 10 14   0.4 8 12

  0.5 6 9   0.5 6 9   0.5 5 8

  0.6 4 6   0.6 4 6   0.6 4 5

  0.7 3 4   0.7 3 4   0.7 3 4

  0.8 2 3   0.8 2 3   0.8 2 3

  0.9 2 2   0.9 2 2   0.9 2 2

  0.3 0.4 247 333   0.3 0.4 244 328   0.3 0.4 231 311

  0.5 62 83   0.5 61 82   0.5 58 78

  0.6 27 36   0.6 27 36   0.6 26 34

  0.7 15 19   0.7 15 19   0.7 14 18

  0.8 9 11   0.8 9 11   0.8 8 11

    0.9 6 7     0.9 6 7     0.9 5 6

  0.5 0.6 247 328   0.5 0.6 243 323   0.5 0.6 235 313

  0.7 59 78   0.7 59 76   0.7 57 74

  0.8 25 31   0.8 24 31   0.8 24 30

  0.9 12 15   0.9 12 15   0.9 12 14

  0.7 0.8 183 238   0.7 0.8 180 235   0.7 0.8 176 230

    0.9 40 49     0.9 39 49     0.9 39 48

na Result derived based on power at 80.0% and alpha of 0.05
nb Result derived based on power at 90.0% and alpha of 0.05
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TABLE 3. Sample size calculation for kappa at category 5 when proportion each category is not assumed at proportionate

Category Frequencies K1 K2 na nb Category Frequencies K1 K2 na nb

5×5 0.1, 0.1,  
0.1, 0.1,  

0.6

0.0 0.2 121 165 5×5 0.1, 0.1,  
0.2, 0.3,  

0.3

0.0 0.2 131 175

0.3 54 74 0.3 58 76

0.4 30 41 0.4 32 42

0.5 19 26 0.5 20 26

0.6 13 17 0.6 13 17

0.7 9 12 0.7 10 12

0.8 7 8 0.8 7 8

0.9 5 5 0.9 5 6

0.3 0.4 541 722 0.3 0.4 466 618

0.5 132 175 0.5 113 148

0.6 57 74 0.6 48 62

0.7 30 39 0.7 26 33

0.8 18 22 0.8 16 19

0.9 11 13 0.9 10 11

0.5 0.6 463 612 0.5 0.6 373 492

0.7 109 142 0.7 88 114

0.8 45 56 0.8 36 45

0.9 22 27 0.9 18 22

0.7 0.8 306 396 0.7 0.8 240 311

0.9 66 81 0.9 52 64

0.05, 0.05, 
0.05, 0.05, 

0.80

0.0 0.2 145 205 0.05, 0.10, 
0.20, 0.25, 

0.40

0.0 0.2 140 187

0.3 67 94 0.3 62 82

0.4 38 53 0.4 34 45

0.5 24 33 0.5 21 28

0.6 16 22 0.6 14 18

0.7 11 15 0.7 10 13

0.8 8 10 0.8 7 9

0.9 5 7 0.9 5 6

0.3 0.4 894 1,197 0.3 0.4 497 660

0.5 220 292 0.5 121 158

0.6 94 124 0.6 52 67

0.7 50 65 0.7 28 35

0.8 30 37 0.8 17 20

0.9 18 22 0.9 10 12

0.5 0.6 808 1,069 0.5 0.6 397 523

0.7 191 247 0.7 94 121

0.8 78 98 0.8 38 48

0.9 39 46 0.9 19 23

0.7 0.8 539 698 0.7 0.8 254 329

0.9 116 142 0.9 55 67

na Result derived based on power at 80.0% and alpha of 0.05
nB Result derived based on power at 90.0% and alpha of 0.05
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TABLE 4. Sample size calculation for kappa at category 7 when proportion each category is not assumed at proportionate

Category Frequencies K1 K2 na nb Category Frequencies K1 K2 na nb
7×7 0.01, 0.01, 

0.01, 0.01, 
0.01, 0.01, 

0.94

0.0 0.2 205 324 7×7 0.1, 0.1, 
0.1, 0.1, 

0.1, 0.2, 0.3

0.0 0.2 116 155

0.3 98 159 0.3 51 68

0.4 56 92 0.4 28 37

0.5 36 58 0.5 18 23

0.6 24 38 0.6 12 15

0.7 16 25 0.7 8 11

0.8 11 16 0.8 6 7

0.9 7 9 0.9 4 5

0.3 0.4 2,547 3,426 0.3 0.4 422 560

0.5 630 845 0.5 102 135

0.6 271 359 0.6 44 57

0.7 144 187 0.7 24 30

0.8 85 106 0.8 14 17

0.9 51 61 0.9 9 10

0.5 0.6 2,457 3,253 0.5 0.6 342 450

0.7 580 753 0.7 81 104

0.8 236 298 0.8 33 42

0.9 116 139 0.9 17 20

0.7 0.8 1,661 2,153 0.7 0.8 221 287

0.9 356 437 0.9 48 59

0.05, 0.05, 
0.05, 0.05, 
0.05, 0.05, 

0.70

0.0 0.2 124 171 0.05, 0.05, 
0.10, 0.10, 
0.15, 0.25, 

0.30

0.0 0.2 130 173

0.3 56 78 0.3 57 75

0.4 32 44 0.4 32 41

0.5 20 27 0.5 20 25

0.6 13 18 0.6 13 17

0.7 9 12 0.7 9 12

0.8 7 8 0.8 7 8

0.9 5 6 0.9 5 6

0.3 0.4 645 862 0.3 0.4 454 602

0.5 158 210 0.5 110 144

0.6 68 89 0.6 47 61

0.7 36 47 0.7 25 32

0.8 22 27 0.8 15 18

0.9 13 16 0.9 9 11

0.5 0.6 568 751 0.5 0.6 360 475

0.7 134 174 0.7 85 110

0.8 55 69 0.8 35 44

0.9 27 33 0.9 18 21

0.7 0.8 377 488 0.7 0.8 230 298

0.9 81 100 0.9 50 61

na Result derived based on power at 80.0% and alpha of 0.05
nb Result derived based on power at 90.0% and alpha of 0.05
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Taking another example for illustration purposes, it is 
found that a minimum required sample size of 422 (i.e. 
422/272 = 1.6 times more than the minimum required 
sample size when compare with sample size requirement 
if the true marginal rating frequencies or proportions are 
the same) is required also for the same total number of 
categories and same values for the two Cohen’s kappa 
coefficient values when the proportions in each category 
are pre-specified as 0.1, 0.1, 0.1, 0.1, 0.1, 0.2 and 
0.3. Based on all comparisons between Table 1, Table 
3 and Table 4 (only for K=5 and K=7), majority of the 
ratios (“sample size required when the true marginal 
rating frequencies is not the same” divided by “sample 
size required when the true marginal rating frequencies is 
the same”) are less than 2. All these findings have been 
tabulated to produce a guide from which the minimum 
required sample sizes for conducting Cohen’s kappa 
agreement test can be easily determined based on the 
pre-specified assumptions and notations.

DISCUSSION

The sample size calculations presented in the tables 
are meant to assist researchers in determining the minimum 
sample sizes required for conducting Cohen’s kappa 
agreement test. The agreement can be tested for nominal 
and ordinal variable. Although weighted kappa that was 
introduced by Fleiss is more suitable for ordinal scale, but 
it is still allowable to measure an agreement for ordinal 
scale using Cohen’s kappa [14]. The following guide 
provides detailed instructions on how to use these tables 
for determining the minimum sample sizes required for 
Cohen’s kappa agreement test. Ideally in most research 
studies, the values of power and alpha are pre-specified 
at 80.0% and 0.05 respectively. Hence, researchers will 
have to make a prior decision on the difference between 
the two Cohen’s kappa coefficient values (K1 and K2) 
and the estimated proportions or frequencies (of ratings 
in agreement by both raters) in each category which shall 
illustrate the level of an agreement.

Researchers usually denote the value of Cohen’s 
kappa coefficient to be equal to zero for K1 when 
researchers intend to test the level of agreement (for both 
inter-rater and intra-rater) is significantly far from zero. In 
other words, researchers can reasonably assume that there 
is no agreement between both ratings (whether inter-rater 
or inter-rater) in the first place. This assumption is usually 
preferred by researchers since it will necessitate a smaller 
sample size. A similar pattern was also observed in most 
other statistical analyses where smaller sample size is 
required when to test a significantly far from zero [15].

On the other hand, it may however sometimes be 
necessary to pre-specify that the value of Cohen’s kappa 
coefficient to be more than zero for K1, in order to be able 
to detect a higher degree of agreement between inter-rater 

and/or intra-rater observations. For instance, researchers 
may pre-specify the value of Cohen’s kappa coefficient to 
be 0.3 for K1. In this scenario, researcher aims to detect 
a significantly (p-value<0.05) higher level of agreement 
(i.e. Cohen’s kappa coefficient of more than 0.3) from 
the minimum value of Cohen’s kappa coefficient of 0.3. 
A value of Cohen’s kappa coefficient such as 0.4 (say 
for K2) shall indicate a higher than ordinary degree of 
agreement [16]. 

Another well-known factor under consideration which 
can influence the minimum sample size requirement is the 
difference between the values of the two Cohen’s kappa 
coefficient (K1 and K2). It has already been understood 
that a larger sample size will be required for detecting a 
smaller difference between them (in other words, a smaller 
effect size) [17-18]. Some of the sample size calculations 
have shown that a minimum sample size as small as two 
is required, which is due to the large difference between 
the values of the two Cohen’s kappa coefficient in both 
K1 and K2. 

For example, in the ‘5-by-5’ contingency table 
which consists of the proportion in each category to be 
directly proportional to one another, it is found that the 
minimum sample size required can be as small as two 
(i.e. power and alpha are pre-specified as 80.0% and 
0.05 respectively) when the study aimed to detect a very 
large difference between the two values of Cohen’s kappa 
coefficient (for example, K1=0.0 vs K2=0.9) (Table 1). 
Even though the sample size calculation is valid; however, 
a very small sample size such as two is not justifiable 
because it will not be able to serve its purpose. If, for 
any reasons, the researchers would like to detect a higher 
degree of agreement; then we recommend pre-specifying 
the value of Cohen’s kappa coefficient to be either 0.3 or 
0.5 for K1 instead of zero. 

Based on the same scenario described above, a 
minimum sample size of 7 or 14 will be required (for both 
K1=0.3 vs K2=0.9 or K1=0.5 vs K2=0.9, respectively). 
Besides that, to pre-specify a value of Cohen’s kappa 
coefficient to be as high as 0.9 for K2 can also incur a 
risk. This risk can arise because after having completed the 
research study, the results obtained from the study may not 
be able to achieve a degree of interrater agreement as 
high as that pre-determined by the researchers. Therefore, 
researchers may consider aiming to detect a lower value 
of Cohen’s kappa coefficient such as 0.8 for K2 in which 
will require a minimum sample size of 11 and 28 for both 
K1=0.3 vs K2=0.8 and K1=0.5 vs K2=0.8, respectively. 
We recommend that the minimum sample size required for 
conducting a Cohen’s kappa agreement test is between 
11 and 28. 

A direct proportionality is assumed between the 
proportions (of ratings in agreement by both raters) in each 
category in order to simplify the sample size calculation 
[19-20].i.e., the true marginal rating frequencies are both 
the same. In reality, it is very unlikely for the proportions 
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(of ratings in agreement by both raters) in each category 
to be directly proportional to one another. Therefore, we 
have further explored many other possible sample size 
requirements by having different proportions (of ratings 
in agreement by both raters) in each category and then 
examining the impact of this on minimum sample size 
requirements. This includes the situation in which the 
proportions (of ratings in agreement by both raters) in each 
category are not directly proportional to one another.

We have found that, based on a variation of 
proportions (of ratings in agreement by both raters) in each 
category that we tested, the sample size required can be 
as high as two to ten times more than that required if the 
proportions in each category are directly proportional to 
one another. However, even though such a proportion 
(of ratings in agreement by both raters) can rarely occur; 
there is still a possibility that it can actually happen. Since 
majority of the ratios (“sample size required when the 
true marginal rating frequencies is not the same” divided 
by “sample size required when the true marginal rating 
frequencies is the same”) are less than 2 and hence, 
in order to accommodate such unusual proportions 
(of ratings in agreement by both raters), we shall now 
recommend to multiply the minimum sample size required 
by two based on the assumption when the response of an 
agreement is proportional to one another. Nonetheless, 
the initial determination of minimum sample size (when 
the proportions in each category are assumed to be 
proportional to one another) will always serve as a useful 
guide because it shall provide a fundamental basis for the 
estimation of the minimum required sample size [19-20]. 

An example of a statement for determination of a 
recommended minimum sample size is as follows: “The 
study aims to determine test-retest reliability for a particular 
questionnaire containing 27 items with a Likert scale of 
four. The minimum value for the Cohen’s kappa coefficient 
to be expected by researchers is 0.4 for every item 
(K2=0.4) when there are assumed no agreement for the 
test-retest at the first place (K1=0). When the power and 
alpha are pre-specified at 80.0% and 0.05 respectively, 
a minimum sample of 18 respondents are required for 
the detection of a minimum value of kappa coefficient of 
0.4 while holding an assumption that the proportion of 
ratings in agreement by both raters in each category is 
assumed to be directly proportional to one another (Table 
1). However, it is also possible for the researchers to 
multiply the minimum sample size by two to accommodate 
other proportions in each category, which may not be 
proportional to one another. Hence, the required sample 
size is 36 (i.e. 18 x 2). 

Summary of this paper is now presented as a table of 
minimum sample sizes required for detecting a difference 
between two values of Cohen’s kappa to assist the 
researchers (especially those who are not statisticians) in 
estimating a minimum sample size required for conducting 

a Cohen’s kappa agreement test. However, there are still 
some initial assumptions pertaining to the proportions (of 
ratings in agreement by both raters) that need to be made. 
Therefore, we recommend for all initial determination of 
minimum sample size requirements in these studies, the 
proportions (of ratings on agreement by both raters) in each 
category are assumed to be directly almost proportional to 
one another. In the cases when researchers assume that 
the response of an agreement is not proportional to one 
another, then the minimum sample size required will have 
to be multiplied by two. 

Besides, researchers need to be careful when 
deciding the coefficient of kappa in both K1 and K2. The 
determination of K1 and K2 should not be set with intention 
to produce smaller sample size such as less than ten. 
Instead, the determination of K1 and K2 should be based 
on reasonable estimates in which can be guided by pilot 
study and literatures. The minimum required sample size is 
proposed from more than 10 to less than 30. Apart from 
that, we calculated the sample size calculation based on 
two-tailed test, this yields more sample compare with a 
one-tailed test.

In addition, the basis of calculation for minimum 
required sample size in this paper can also be suitably 
adapted for conducting a weighted kappa test. The 
minimum required sample size for conducting a weighted 
kappa test is always smaller than the estimated sample 
size required for conducting kappa agreement test. The 
weighted kappa test will take into consideration the 
difference in the response from within the same scale (e.g: 
an ordinal scale from a likert scale) and hence, it is more 
sensitive in detecting an agreement comparing with the 
common kappa statistic [21]. Nevertherless, critics have 
been made regarding Cohen’s kappa [22]. Future studies 
can be done to discuss sample size guideline for another 
alternative for an agreement test such as Krippendorff’s 
alpha [23].
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