PROPOSAL OF HUBERT_KAPPA.EXE (Version 3)

NOMINAL AGREEMENT MODEL AMONG MANY RATERS

‘T he following is based on the paper Martin Andrés and Alvarez Herndndez (2020)|

1. Unweighted kappa

If R>2 raters independently classify n subjects in K categories, a data matrix {y,} is
obtained, with s=1, 2, ..., n, =1, 2, ..., R and y,=1, 2, ..., K, in which y,=i when the rater r
classifies subject s into category i. The most common thing to do is to summarize this information

in a table of absolute frequencies Xii e =#{s ‘ Vsi=l, ..., Vsg=ig} of dimension KR, where the symbol

# refers to "cardinal” and x,, , is the number of subjects classified as type i; by rater 1, type i> by

g

rater 2, ..., or type iz by rater R (see Table 1a); so Zil Ziz ...ZiR X, . =n.Letp, . =x, . /n be
the estimated proportions. The “crude” agreement (without random correction) is X; p; where p; =

pii..i=raw. Let t"(’):zil ...ZH Zim ...Zik D, .., be the total proportion of responses i of rater r

(see Table 1b). Then the Hubert's kappa &y (1977) is estimated by:
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Hubert’s kappa is based on the following definition"an agreement occurs if and only if all
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raters agree on the categorization of an object" or DeMoivre’s definition of agreement or definition

R-wise. When R=2 then xy=xc, &, =K. and V(&,)=V(K.), where £ is the Cohen's kappa

coefficient (1960) and I}(IQC) is the variance given by Fleiss et al. (1969).

2. Weighted kappa

If v, . (=0) is the weight of the disagreement of the set of responses {ij, i, ..., ir}, then

iyl . ig

the Shuster and Smith’s weighted kappa &z, (2005) is estimated by
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where vir(r)zzil zl lzi ...ZiR Vityoiw Ly gy €00 T, oy =1Lt () It is traditional to use the

r+l

following linear and quadratic weights (Mielke et al. 2007 and Schuster and Smith 2005,

respectively):
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If w, . are the traditional weights of agreements (0<w, . <1 and w, .=1) then v, & =
A 1 i 1 i

l-w, , (0<y,, . <l and v, ;=0), but the result of the previous formulas does not change if you

hiy..ip

put v,, , = Constantx(1-w,, = Variance of (is, i, ...,

L hiy..ig

) instead of v, , =l-w,, , . When v,

g iiy...ig g
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ig) or v. "iR—ZrZr,»(zr—zr,) , then xy, = p;( intraclass correlation coefficient of Pearson,

1901) = pc (concordance correlation coefficient of Lin, 1989). The new expressions, equivalent to

the previous ones, are
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When R=2, then &m~kcw, K, =K, and V (&, )=V (K, ), where &, is the Cohen's

weighted kappa coefficient (1968) and I}(IECW) is the variance given by Fleiss et al. (1969). If

=0, , (Kronecker delta), then xm,=xp.

w. . =
ijiy ...Ig iyl ...ip

3. Inferences

3.1. Unrestricted.

A

e Test statistic for Hy: x=xky: (1%— K, )/ V(/%) Vs. Z.

oCl: kex*z V(l%) =xk+2zxSE.

¢ In both cases:
— K'1S Ky OF Ky

— z is the appropriate standard normal value.

3.2. Restricted (UNweighted).

e Test statistic for Hy: xk=kp: (K, — K, )/ V,(%,), vs. z, where V,(&,)=

a=3. 3 Y P AT} (R
b=3p X T - l1+(2R-1)1} /2.

and

, where d = >
1-da n(1-1,)




» Test statistic for the independence test=«,, (1-1,)/n/m, vs. z, where:

mzzz,-l---z,ﬁiz..m {Z,TM } -2) P {Z 2 } { R-1)’ I}

3.3. Restricted (weighted).

o Test statistic for Hy =k (K, —k) / Vo(Ry) vz, where
o a(l-x,) =2b(1-K, )+ e , o ,
Vo (K ) = (sometimes this variance can be negative) and:

n(1-1,)

V Z z Z p’llz IR {er } _{(R_l)(l_]‘f)}z’
— Test based on weights v: {5(v) = zil Z,-2 “‘sz Piiy iiViis i { \7 }
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— Test based on weights w: < b(w)=b(v)—{1+R(1-&,,)}(1-1,),

+d(b- V(% d’(b* - 2
S ( a) \/Z ( )+ ( ac) , where d = z
1-da n(l—])

e

e Cl: x,, € and a, b and c as in

2

the previous paragraph (sometimes the inside of the square root can be negative).

» Test statistic for the independence test=«,,, (11, )/n/m, vs. z, where:

— Test based on weights v: m, le Z;R . IR{ Vi _(erir(r))}z —{(R—l)(l—le)}z.

— Test based on weights w: m,, =m,, = zil ..ZiR F, . {Wiliz,..iR - (Z, Wir(r))}z 3 {(R -1)1, }2 .

3.3. Preferred CI and a comment

e The estimators «, and I}(/EH) are generally unbiased, although with small samples &,

underestimates xy.
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e In the unweighted case (xxz=>k;): the unrestricted inferences are preferable, but with very small
samples (n<100) restricted inferences are preferable.
¢ In weighted case (xuw>k7): the unrestricted inferences are preferable in the small values of &z, but

for the large values of xz, the restricted inferences based on the weights w are preferable.
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Table 1

Cognitive response cross-classification of n=164 subjects by R=3 raters in K=3 categories
(Dillon and Mulani, 1984, p.449)

(a) Absolute frequencies x; , . The relative frequencies are p,;, = xiliziz/n

Rater 3 1 2 3

Rater 2 1 2 3 1 2 3 1 2 3
1 56 1 0 5 3 0 0 0 1

Rater 1 2 12 2 1 14 20 4 0 4 2
3 1 1 0 2 1 7 2 1 24

(b) Data needed to estimate &y, which are obtained from the table (a)

Numero de respuestas i del rater r

Categories ~ Agreements ni
(i np, "
Rater=1 Rater=2 Rater=3
1 56 66 92 74
2 20 59 33 56
3 24 39 39 34
Totals nZp, =100 n=164 n=164 n=164

(c) Data needed to estimate V (ch ) , Which are obtained from the table (b)

Cat ] n’T, ;
ategories i) nzz 7
. ri(r)
(@) Rater=1 Rater=2 Rater=3
1 92x74=6,808 66x74=4,884 66x92=6,072 17,764
2 33x56=1,848 59%x56=3,304 59x33=1,947 7,099

3 39%x34=1,326 39x34=1,326 39x39=1,521 4,173




