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1. AE

T 1 o] HrkAE el FLE thdel tish FFE uff, o] F7HF drhd A s=AE UERE o
A% (measure of agreement) = A28}, WEE, A8 B9 AT HopolA] AT o] & F83
AR BUNEA Ludolt o3, ARIE Bolol7bA 1 BEEs AN Stk F Wl WA
Arole] AAEE SHsH= dA= kappa (unweighted kappa)7} Cohen (1960)°] 2] 22 271 3]
07 F 106890 24 HES] WA ool ol HEAE Lolste] AAEE ZHFHE weighted
kappa7} A|A1= 1t} (Cohen, 1968). Weighted kappat % 7FA17ke] B717F dX8kA] &5 wf o] £
A3k AxS MAshe AATolw BB}, ANALAL A, AR AT 5] HofolA Wel AHE
2 o} o] & weighted kappa®} unweighted kappas= o] AFAE0] 93] &3] AF17F 1P
o] ¥on (Kraemer, 1983; Upton3} Cook, 2002; Shoukri, 2004) X =2 A kappa’} 23l = 27}
2 Aoz B3t o A3s] de] A= 9t} (Feinsteind} Cicchetti, 1990; Oleckno, 2008; Zhao,
2011; Han¥} Park, 2012)

Weighted kappa2?} unweighted kappat EE W3Fo| AXA F7 R0 AAFoE dA5= A
£ 27ale wo] ol 54 Wl tElA B7AEe] Aot AAFEAE BAASE A% F8T B
AAZE =3 Q). o] & 91319 Spitzer 5 (1967)3} Fleiss (1981)+& kappaol 71238t X% specific-
category kappaZ AP, o] A== AT HEE Ho]E A Eﬂ7}EH”£ kel W=
Foll oL 3t RlFo] Hot= Aor F74E uf £ AFA BAEY dAEE vEkdtth. Spitzer
T2 ol kappas @7] Al k x k EFRE 2% Hlo|HE 2 x 2 £¥xR b‘é?}s}‘}i%ﬂl o uf 2 x2

1 (14097) A7 = kA whet A AR 53, A Auign AA A BT IE, 2,
Email: uyh@sungkyul.ac.kr
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DAL WE 52 O b - 17]2] BFEL A%eel BE WFEE T4 Folth. 12 o
kappat 7FSA| S FolstA] ¢k dAE0]7] ufEel o]E Heslr] A3 Kvalseth (1989) B7H=
o 2A Aol e ZEAE A Foldle] YAEE SRoK 54 Wkol Bjg 71F YA
(weighted specific-category kappa)& A|AISFATE Kvalseth+= ©] kappas &3 3}17] H“ﬂ Fleiss2} &
g HREL Wl YAl k x k£ BEEE ag|E ARt Kvalsetho] AASE B4 H=of 3t
7V GA =Y AAS A2 2 =59 Al 28004 ATt

H d3= sHH oA AA (permutation test)S ©]§3lo] Kvalseth7} A|otst 54 ‘?4201] sl =
PR 715 X %ol tisiA patet AE A0l 24 A (empirical quantile limit)

AR AEA AL L9305 AREAN B Fsher (1935)74 22 A9 oI
2 sl el el o) UL DA $d 50 pidol sk G2l
< o FHFHolA AR & B2 s AFHLE AEHE 2AE A3
X}l o AEsk p%}:% 7<ﬂ g5k Aoz & A At} (Holms, 1979, 1990; Mielke2} Berry, 2001; Good,
2000, 2001). #FEIO]A HA o] ZEe AR AA FFH oA AAL dlolg ol &=t o2 &
Aol B3t BE AR AFH oy o] 23 o] k= Folth, ERE FFH oM AL 2A
ol it S v RS ofd o]2F A B2 E JHE5HA o AR FFH oA AL o]k
HFE| o] Rl 7128t pghZ AAIS v 99| FE (nonramdom sample)ol] A= AMEE
Ath= Zolth. s RE o] e AA g Y82 Al 3- oA ARt

mlm
e
m{w
o B

>,
oo
ri
o
A
ﬁr{
=5}
FHI

2. Weighted kappa and weighted specific kappa

T wo] B nHe] B AL AT R o|FolR ke ME F o]u 3 Wiz RES )
o] 5] W7t A= k x k TERE 29T A7IA F G 44 S-S iR A} jiA
HEE BRe odsy s n”, A A =

A Bl ool iiA WEe BRRE s £
= WA Bk o) ARl WEe BRE gAse] 8 nueh o (9 = 1,2, k). L2

H
T
Cohen (1968)2] weighted kappa 9X%= KW t}23}F Zro] AelHt).

AZNA pij = nij/n, pi. = ni/n, py = nj/n, wit F BHAEC] ELAsE F=E YEE 7t
ol YN, YF wispiy e BEE B AN, YL, Y wipip, e AR (Ho
Pij = pipg, b, §=1,---,k)SlA F F7RA] F7E7E 43 AAEHA HE vlES onsch 7t
FA wij= 03 1 Ake] 9 %k"]‘ﬂ i= ol wi; = 0,4 # jolH wi; >00|t}h. 7FSX2A de] AME =
AL w;; = |i — j| (Agresti, 2002)2} w;; = (i — 5)* (Cohen, 1968), LB wi; = (i — j)*/(k — 1)?
(Fleisse} Cohen, 1973)} w;; = |i — j|/(k — 1) (Cicchetti®} Allison, 1971)0] Ut} o7|A ke A=
o122 7152 1119 67 A1/ (6= 1), ="/ (6~ 1)°9) 599 AH5A7} giek B
i1 #£ L W] wi=1 °]2 i = ;L v w;;=0°]H weighted kappa+= unweighted kappa”} It} £ =&
QA A7E AN E AR A wy = li— g1/ (k- 1) 1A 7AFH wy; = (- )%/ (h—1)* S
gt
3t Kvalseth (1989)+ 771 wi; (0 < wyj
(s = 1, k)l thel BAAES) QAFE A=
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specific-category kappa) KW, 5 th23} Z+o] A|otsl3ith

AW
KW, =1 oo (2.2)
A7) M AW, = Zz 1w1spzs+2] 1 WsjPsj, BWs = ps. (Zz 1 WsiP. 2) (E] 1 Wyspj.) °1aL, AW 2t
BW,+ 247t B71ak=0l 3 E4 MF sZ2 2F7F tidsol s 329 EY94] J=e) ¢ds] £
2A8kE ARE veRdth. o714 “‘fﬂﬁ LA k x k 2830 1 “H BﬂJJr SHWH dol Je B
T AE FolA A (s, )5 AT UmA Asol FdH = LA elth. A= =34 4+ H
F s=1o] e BARES BAATF WS AT (12), (13), (2,1), (3,1)01% s=29) 7o

EYA AEL (2,1), (2,3), (1,2), (3,2), s=3 wje] AL (3,1), (3,2), (1,3), (2,3)°] At 22
s=1¢ W] dX= KWi=1- AW1/BW;°]al AW1= wa1p21 + wsips1 + wizpiz+ wispis, BWi=
wi2P1.p.2 + w13p1.p.3 + waip2.p.a + waips pa©lth. KW, -2 158 0 22| &9 74 7Hd 4 3l
Edl, 1 soll sl B ELX A2/ 0L W (&, AW,=0 € wj) KW,= 1°] 51 #zd Hmi]
A7t st 294 A= 22 W (F, BE il Al pai = ps.ps©lL BE joll 3l pjs = pjp.s &
)= KW= 00| #2ZH EYx] A7t A3 8Yx] =& 234 w] KW, <00] At}

T KW, = nol 2 ol 2AMHo 2 AFEZE w2t 2102 wa Aot (Kvalseth, 2003).

KW, ~ N(E(KW), ¢%)

A71A KW, 9] B4t 0?9] 24X 5% thg3} o] Folxt
k k
G2 L (Z > pi;CL — [KWs — (1 - D)(1 — KWS)}2> (2.3)

aga

olth. watA ol & £, KW, ol tha3t ZAE Q 95% A F 772 KW, £1.96 x5 &2 oA 3L E(KW)
=00 3t AR TAH 0w REAFEEES B2t 28 o8AT)

7= KW 2.4
== (2.4)

ol Wl $=AA4} A=A W pte Az £AA pt = P(Z > KWY/5), A=AA pt
= P(Z < KW?/5)olm, KW?2 #2% weighted specific-category kappaZ 2] v] gt}

3. HFHolA HA

F HY VAT SHAH0E nHY S SAHER o]FoX kY HE T or 3 HFE H
71w AR+ k x k Bz ANA HAFH oA AL £ 3 (marginal frequency totals) 7} €3
stths 2 At A nEe] tAS kP AS WS RE 753 MlEES 13ttt ojuf o] widE
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t} o]-&3sto] AASAFS AT wf F23 s FE o] HA (exact permutation test) ]2k 3f
4 ol AA WdE FolA LAY migrts 59 FE0to] ABSAH
o] AA (resampling permutation test)z} stt}. HE AL A=
=0]7] 98 L=1,000,000& A}&3tt} (Johnston 5, 2007). Mielke2} Berry (2001)+= E&33 oA
W AL Fold ol ARE & g o] £F AN oAE B, k = 3, ny—16, na—14,
na=15, no=102 0 RE 7k wde] 4 = 5,2250]1 o] whe AHA ART ARE A B
7Fs3HAI T ny =338, np. =325, n.1=337, n.2=329 4 wj 7}5g BiAe] 4 = 1,504,687,715 wj-¢ &
FolBnR Aol o5t FHiFElold HAAES ol8she Zlo] AAlA el st (Mielke2} Berry, 2001).
o]x} B&E (two-way contingency table) 2R El 9o]g A vlzo wjdS A= AR dug=
£ Patefield (1981)0l] & 271F v} Y}

Zp A Rego] wjdo] Folxd AAYFATE KW,k AF7HE stoll A A&et B8 p(nijlni., n.j)°l
th2-3 Zro] ARt (Mielke2} Berry, 2001).

AN e to R4 omfo

p(nijlni, ng) = ————— (3.1)

=779 pRre KWOwTh A 2e
pREe KWOHTH AL 2 KW,

M &
M 0
. 1 KW, > KW I
FHAE U = 30 Pu(KWplnlne.ns). AN Su(KW) =3 = L N
m=1 °re

KW, < KW guj

M
Z.i_@-] Y= D, (KW g |Tbis 1.5 ), 714 @ (KWs) =
e S px mZZI ( )p(nijlni., n.;), A71A4 ( ) 0 ohdul

774e) nyy = mA] Mol nel Aal A A MEsolth, $2AHe pgro] Zow U
e w ° AL ojmatth. mAAR AEL o
AR pake KWORTH 27U 22 KW, 59 Wgolx, #5449 phe KWt 44

ek

] | L KWy > EKW? &
PEAA P = 7 D (KW, S7IH B (KW,) = -
— 0 ol
] | L KW, < KW? &
H=77 p%k:*Z‘bm(KWs)v 7| A B, (KW,) = < A ]
L4 0 opdu
G AREHClE AR BT BEe] JEshA) o] mhEe] AEA WPOR | - o AFH L
F& 4 ot 1 —a AEAHA B4 A (empirical quantile limits) S 78 4= gty WA A&
2 7S ARSSt @2 LSl KW.E A2 oA 2 o= ZEst & 48kt (Qay2)d 333k
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(Qlfa/2)% ‘7‘:_]_'1_4' O] Qa/2:q' Qlfa/2‘% ZJ"ZJ]’ (KWS)lv (KWS)Qv”’ 7(KWS)Loﬂ EH%Q—E €—/\‘1%7:“
Fe T <Tr <--- < Trolek & off thg3t o] FolXith

Qa/2 = Tay1,3%((a/2)L+0.5)

Q12 = Tz]ﬁ:[L,’g—’F((l—a/Q)L-kOﬁ)]

1714 B4[(a/2)L + 0.5 B5(] )] AWATIA 4T ABThe owelot.

4. o7 wlolE]

Hg ol d Aol 2g p3t Aike ClAlsH] 9'45}04 Al 7Re] oA HlolBlE ARgskglTt o] Hlo]
HE2 25 299 F7RA7E 37 dES 370 v 4749 g ERot] €2 Aoy E4 ¥
Fol| st 715 A= (weighted specific-category kappa)g A7) skl A VEA] w; =
i = 41/ (k = 1) 2k o)A 7He A wij= (i — j)*/(k = 1)*8 AHEIAT F7HH22 7154 e 53 |
Zo t3l ¥)7}E A= (unweighted specific-category kappa)S A4Fstact. &3t s FeolAd &
A Az sElold Aol 5 patd 2AE S HA el 9 g piha vlastglen o] Ak 9l

SREold B R 22139 37148 ALt (Kim¥ Lee, 2014).

4.1. <A "lolg] 1 (AA| HlolE])

Table 4.1 Berry 5 (2006)8] AFolx ARHEH tlolHEA n=41%9 37} 4= F B 3
77 k= 3719 3 (high, medlum, low)Z 273 dxeltt. £H W=7 1F=H e
o A RIESo 753k B e 9A M=5,225 ojB® A&d HFHold APor FESHAIRE

L=1,000,000 7§¢] wHLE o] &3t XHE% HFE ol AAT A AASHTE Table 4.1 Hlo]E]<}
7] 715X E o) &3sle] KWi, KWa, KWssFH ol AR p3t, TAEA 3t pghat A4
A (Qo.025, Qo.ors) LB 4] (2.2)0 &3] A4 A (57)3 2AHE Q) 95% AF 772 ATk
(Table 4.2~Table 4.8, Figure 4.1). Table 4.2%} Table 4.39 4 7}5X]7} o]x1g & w] KW= 0.3014,
KW;=-0.1648, KW3=0.3295°]1 KWl |35+ F&s 5742 pgt = 0.0483, AxE 57
Ao pk = 0.0483, ZAF L&A A pgk = 0.0561 ©] 3 Qo.025= -0.3574, Qo.o7s= 0.3612, 52( KW1)
= 0.0345, 95% AFT7F = [-0.0737, 0.6765] o]t} Z8]1 KW)ol th-35 = Hekst =749 pgk
= 0.7537, AEE =7 A2 pZk = 0.7536, ZAF =742 pgt = 0.8578, Qo.025= -0.2813, Qo.975=
0.3011, 52(KW2) = 0.0231, 95% A 7F = [-0.4717, 0.1422] o] KW3ol )25 = Ags $=4
A9 pFk=0.0319, AMBE L=AA p3k = 0.0317, ZAF =442 p7k = 0.0408, Qo.025= -0.3816,
Qo.075= 0.3702, 52(KWs5) = 0.0340, 95% A7} = [-0.0433, 0.7024] °]t}. welr] B xse] o
A=E Al A9 BF F Al AR Bl 7P A e, F iR dReq A A=) 29 §E
7HRo g2 F A HFoAE FIIAEY o Aol 3] YA He AR gX] A=t Fkes S
HolZo}h

KW, KWa8F KW39] Zvzbol ot o) e o] AANA = A&t patd ARE p3h2 Wl AR
T Holu ZAEAY] pgh2 olHL) 2 g Hola Th

7}2x7F 9218 QD A (Table 4.4, Table 4.5)9} 71EX]& AME-312] 94 A2 (Table 4.6, Table
A7) E 7FA7F olAE Y wiel vlest AFE vErlon 2AEA] pEd HFElold AR
p3k Bt A A vEbsT
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Table 4.1 Example 3x3 real data set

Judge 2
Judge 1 High Medium Low
High 7 6 3
Medium 5 2 7
Low 3 2 6

Table 4.2 Exact, resampling and asymptotic p-values for example 1 with quadratic weight

Agreement Observed value Exact p-value Resampling p-value Asymptotic p-value
KWy 0.3014 0.0483 0.0483 0.0561
KWy -0.1648 0.7537 0.7536 0.8578
KWs 0.3295 0.0319 0.0317 0.0408

2|
a
©
o /
& S
w _f
s ° . KW
® o KW,
= o KWy
-
=
™
gl
= ]
o
exact resampling asymptotic
permutation permutation i

Figure 4.1 Exact, resampling and asymptotic p-values for example 1 with quadratic weight

Table 4.3 Quantile limits and 95% confidence interval for example 1 with quadratic weight

Agreement Quantile Limits (Qo.025, Qo0.975) Variance 95% Confidence Interval
KW, (-0.3574, 0.3612) 0.0345 (-0.0737, 0.6765)
KWy (-0.2813, 0.3011) 0.0231 (-0.4717, 0.1422)
KWs (-0.3816, 0.3702) 0.0340 (-0.0433, 0.7024)

Table 4.4 Exact, resampling and asymptotic p-values for example 1 with linear weight

Agreement Observed value Exact p-value Resampling p-valuee Asymptotic p-value
KW, 0.2219 0.0780 0.0780 0.0941
KWs -0.1648 0.7537 0.7536 0.8578
KWs 0.2679 0.0651 0.0652 0.0537

Table 4.5 Quantile limits and 95% confidence interval for example 1 with linear weight

Agreement Quantile Limits (Qo.025, Qo.975) Variance 95% Confidence Interval
KW, (-0.3193, 0.3234) 0.0275 (-0.1132, 0.5571)
KWs (-0.2813, 0.3011) 0.0231 (-0.4717, 0.1422)

KWs (-0.3248, 0.3376) 0.0264 (-0,0608 0.5965)
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Table 4.6 Exact, resampling and asymptotic p-values for example 1 without weight

Agreement Observed value Exact p-value Resampling p-value  Asymptotic p-value

KW, 0.1188 0.3322 0.3318 0.2253
KWy -0.1648 0.7537 0.7536 0.8578
KWs 0.1854 0.0563 0.0563 0.1123

Table 4.7 Quantile limits and 95% confidence interval for example 1 without weight

Agreement Quantile Limits (Qo.025, Qo.975) Variance 95% Confidence Interval
KW, (-0.2958, 0.3262) 0.0243 (-0.1964, 0.4341)
KWs (-0.2813, 0.3011) 0.0231 (-0.4717, 0.1422)
KWs (-0.2490, 0.2940) 0.0226 (-0,1184, 0.4892)

4.2. <A dloJ¥] 2 (FH dlolE)

Table 4.8 Johnston 5 (2008)2] AFo|A ARRH 7} HloJEHZA n=9902] H7} AL k =
3709 M= 748k Ageltt. £ NES7E 1AFo 2 uf A WY Jhsdt wjde
M=1,504,687,715+= wi-¢- & Fto]2=E L=1,000,00074] widE ©]-&3t AEE FHFHold A
< AASTE Table 4.99F Table 4.10004 Z7}2|7F o] A@ Y of KWi= 0.0348, KW2=0.0502,
KW;3=0.03510|22 F7A59] A== F AR fFolA 7P A4 el 3 i) foAe] d
A=7b 71 Stk E=sE KW ol oS5 xR 9538739 pit = 01913, 24 538 pFt
= 0.1879°] 3L Qo.025= -0.0768, Qo.975= 0.0771, 62(KW;) = 0.001545, 95% A=+ = [-0.0423,
0.1120]o]t}. ]2 KWool th8¥+= AEE 58749 pik = 0.0494, A 544 p3t =
0.0572, Qo.025= -0.0640, Qo.975= 0.0639, 5*(KW>) = 0.001010, 95% A2 77+ = [-0.0122, 0.1126]©]
o KWsol teEs ARE $2AA] p3t = 0.1895, ZA 2ZAAY pFt = 0.1863, Qo.025=
-0.0773, Qo.975= 0.0769, 52(KW3) = 0.001553, 95% A F 77+ = [-0.0422, 0.1125] ]t}

7}E27F 94X Y (Table 4.11, Table 4.12)uj} 7}1EXS AM231x] S w] (Table 4.13, Table
4.14) % FAFE A7 vepgton 7 oY) dX % KWi, KWy, KWsoll thet &2 pghat &
AL pRrel da e 7He Aol Wl th2 A ekttt

Table 4.8 Example 3x3 artificial data set

Judge 2
Judge 1
Category 1 Category 2 Category 3
Category 1 124 108 106
Category 2 104 119 102
Category 3 109 102 116

Table 4.9 Exact, resampling and asymptotic p-values for example 2 with quadratic weight

Agreement Observed value Resampling p-value Asymptotic p-value
KWy 0.0348 0.1913 0.1879
KW» 0.0502 0.0494 0.0572
KWs 0.0351 0.1895 0.1863

Table 4.10 Quantile limits and 95% confidence interval for example 2 with quadratic weight

Agreement Quantile Limits (Qo.025, Qo.975) Variance 95% Confidence Interval
KW, (-0.0768, 0.0771) 0.0015 (-0.0423, 0.1120)
KWs (-0.0640, 0.0639) 0.0010 (-0.0122, 0.1126)
KW (-0.0773, 0.0769) 0.0016 (-0.0422, 0.1125)
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Table 4.11 Exact, resampling and asymptotic p-values for example 2 with linear weight

Agreement Observed value Resampling p-value Asymptotic p-value
KW, 0.0372 0.1343 0.1389
KW, 0.0502 0.0494 0.0572
KWs 0.0378 0.1308 0.1357

Table 4.12 Quantile limits and 95% confidence interval for example 2 with linear weight

Agreement Quantile Limits (Qo.025, Qo.975) Variance 95% Confidence Interval
KW, (-0.0663, 0.0672) 0.0012 (-0.0300, 0.1045)
KWsy (-0.0640, 0.0640) 0.0010 (-0.0122, 0.1126)
KW (-0.0670, 0.0666) 0.0012 (-0.0296, 0.1052)

Table 4.13 Exact, resampling and asymptotic p-values for example 2 without weight

Agreement Observed value Resampling p-value Asymptotic p-value
KWy 0.0402 0.1164 0.1031
KWy 0.0502 0.0494 0.0572
KWs 0.0411 0.1111 0.0981

Table 4.14 Quantile limits and 95% confidence interval for example 2 without weight

Agreement Quantile Limits (Qo.025, Qo.975) Variance 95% Confidence Interval

KW, (-0.0632, 0.0627) 0.0010 (-0.0222, 0.1026)
KWa (-0.0640, 0.0640) 0.0010 (-0.0122, 0.1126)
KWs (-0.0642, 0.0640) 0.0010 (-0.0213, 0.1035)

4.3. oA "lolg] 3 (M HlolE])

Table 4.15% n=902] 37} AL k = 47]2] =2 718 4 x 4 714 dlolg o). 23 vz}
A Y& w A NE4e /s wide] & M=3,131,026,869= w9 2 Zto]2E L=1,000,000
7N widE o] g3k AuE HRFH A HAAS AA ST Table 4.163} Table 4.179A 715X 7}
o]AF Y w) KWi= 0.0758, KW>=0.0622, KW3=0.2485, KW,=-0.0447¢| B2 B7}2}59] A==
Al A5 el 71 A Ve v AR oA A= 7 Wskoh E=E KW el -8
= AR £33 pg = 03169, ZAF $57AA] p3t = 0.3249°]3 Qo.025= -0.2939, Qo.975=
0.2925, 52(KWh1) = 0.0277, 95% A= 77k = [-0.2547, 0.4063]0] 2L KWool theH = AuR =7
9] pgk = 0.3248, 24 +=AA9] pt = 0.1102, Qo.025= -0.2951, Qo.975= 0.2855, G°(KW>) =
0.0025, 95% AZF7F = [-0.0380, 0.1623]°]t}. 2 KW3ol H2EE= AuE 2=2AAY pIk
0.0518, A} £27AA 9 pZt = 0.0557, Qo.025= -0.2967, Qo.o75= 0.2927, AQ(KWS) = 0.0239, 95%
AZ) 7 = [-0.0585, 0.5556] )W, KW, tlS5 &= TR $=27AA9] pgk = 0.6266, A =AA
9] p3t = 0.6125, Qo.o25= -0.2980, Qo.97s= 0.2908, 5*(KW4) = 0.0244, 95% A1ZFF7F = [-0.3549,
0.2654] o| T}

74X 7t X8 D (Table 4.18, Table 4.19) W} 71EX S AFR3HA] 942 uff (Table 4. 20 Table
4.21)E FAREE 2347 ek on 7 W] A= KWy, KWa, KWs, KWyl that AZE pgt
I 2AEAY p3e] da FAE 7Rl wet th2 A Ve
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Table 4.15 Example 4 x4 artificial data set

Judge 1 Judge 2
Category 1 Category 2 Category 3 Category 4
Category 1 8 5 4 7
Category 2 4 7 3 5
Category 3 3 7 8 6
Category 4 5 6 7 5

Table 4.16 Exact, resampling and asymptotic p-values for example 3 with quadratic weight

Agreement Observed value Resampling p-value Asymptotic p-value
KWy 0.0758 0.3169 0.3249
KWs 0.0622 0.3248 0.1102
KWs 0.2485 0.0518 0.0557
KWy -0.0447 0.6266 0.6125

Table 4.17 Quantile limits and 95% confidence interval for example 3 with quadratic weight

Agreement Quantile Limits (Qo.025, Qo.975) Variance 95% Confidence Interval
KW, (-0.2939, 0.2925) 0.0277 (-0.2547, 0.4063)
KWy (-0.2951, 0.2855) 0.0025 (-0.0380, 0.1623)
KWs (-0.2967, 0.2927) 0.0239 (-0.0585, 0.5556)
KWy (-0.2980, 0.2908) 0.0244 (-0.3549, 0.2654)

Table 4.18 Exact, resampling and asymptotic p-values for example 3 with linear weight

Agreement Observed value Resampling p-value Asymptotic p-value
KW, 0.1197 0.1496 0.1865
KWy 0.0825 0.2124 0.1470
KWs 0.1862 0.0704 0.0663
KW, -0.0445 0.6160 0.6399

Table 4.19 Quantile limits and 95% confidence interval for example 3 with linear weight

Agreement Quantile Limits (Qo.025, Q0.975) Variance 95% Confidence Interval
KW, (-0.2384, 0.2391) 0.0179 (-0.1460, 0.3853)
KW» (-0.2307, 0.2392) 0.0061 (-0.0728, 0.2379)
KWs (-0.2317, 0.2302) 0.0150 (-0.0575, 0.4299)
KWy (-0.2357, 0.2350) 0.0153 (-0.2903, 0.2014)

Table 4.20 Exact, resampling and asymptotic p-values for example 3 without weight

Agreement Observed value Resampling p-value Asymptotic p-value
KWy 0.1600 0.0402 0.0751
KWs 0.1023 0.2365 0.1419
KWs 0.1245 0.1825 0.1256
KWy -0.0513 0.5748 0.6860

Table 4.21 Quantile limits and 95% confidence interval for example 3 without weight

Agreement Quantile Limits (Qo.025, Qo.975) Variance 95% Confidence Interval

KW, (-0.2000, 0.2200) 0.0122 (-0.0590, 0.3790)
KW, (-0.1960, 0.2226) 0.0091 (-0.0868, 0.2928)
KWs (-0.2257, 0.1829) 0.0116 (-0.0897, 0.3387)

KWy (-0.2265, 0.1823) 0.0111 (-0.2607, 0.1582)
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5. 48
H =i EF HFoA e HIRE 71 €A% (weighted specific-category kappa)oll o3l
et s e o)A AR ARE FFE o)A AR 3 pIhe AEse WS A Aotk HFH
ol AAL By =

| E2o| &7 ofyslal FAAY AA FEREZE 7537 wEel AFEA &
A7 (asymptotic tests) BT AT AACZ QAAFE D ot 53] HES I7|7) 2L uf ZA

Boll o8 pakol HART 4 917 W2el B AREoH AR AgeTh HRHIA RS B
3 SfElol A AR AEE AREol Ao Wi B AREolH AR vad 2 3
7 e vloleo] ) ALgE AT AER HAREolA RS Fio] A7 MR Sof AT WA

o3l ARg-E T

B =72 R ol gt p3t AFHES A8 T M) 3x3 tlolE 9} g i 4x4 HolHE A=
AT dolE 1 (A tlolE])e] EMAT M= 7o FAgle] 18]l BE KWi, KWa,
KWsol A (835t sR7elo]ld pgl) = (MEE sFE oA ph)E Yebgth 283 7371 o313
A wi= KWl thet (S5 014 p3h) < a=0.05011 (AR pgh) > a=0.050]11, KWsel o
HAE 0=0.05 < (FHFE 1A ph) < (BAHEAY pgholx, KWz ALols (FRH A p3b) < (2
AR pF) < a=0.05¢]th. 71X 7F AE Y wis KWi, KW29] 9o a=0.05 <(3FE oA
pR) < (AR pah)el AT KWz A+ a=0.05 < (AR pk) < (FAFH 1A pgh)el
th 7FEAE AREEHA 9Fg wle KWast KWsol 4% a=0.05 < (FFH A pgl) < (2AHEAY
pER)OIA T KWroll thei A& a=0.05 < (ZAFEL] p3h) < (FEC1A pgh)olth

o] 2 (714 dlolE))e] B AT e KW, Fddle 715X 147410401 (AxE HFEelA

pk) < a=0.050°11} (ZAHAARL] pFt) > a=0.05°]1, KW KW39] Aol 715271 o| 33 d
wol 715 A E S 4 W (AEE SR p%k) (—34‘37@4 p%}c) > a=0.05, 7t5-2| 7}k
AAF Y wj= (SAEAY pgh) > (AREE FF7E oA ph) > a=0.058 Yebsith

dlole 3 (7Hd dlolH)Y Aolle 7t A /‘]"9‘3]“] 0F-S wj o] KW ol tf §F A & p3t=0.0402&
ALJstal BE pghol 0.058TH A vt 281 A BAGe] K19 Afole (AMxE
HFEH A pFl) < (ZAEAY pRk)olal, KWL Aol (AEE FFH A pgh) > (ZAEAEY
pA)E YErg o KWss KWye 735 °ﬂ‘x: 7V xol met AAEE pakI A pak Akele] A A
7} &) et

4429 oA deleo X+ FHFH oA A &3t pgho] -SE &= AR ptEt AU 2 3
S Hola Qo] AAF oz FRFH oA HAAL ZAAA KL B3 (conservative) o] A 2l & (lib-
eral)$t A5 HolFa ok 2y 5T H2 k= 39 dlolE 13} dlo]H 39 Z3E vjud uj
Fo X 7R oA HlolE 1049 AEE pg 2AHE p3k Akl Xkl 7t | olH 30419 ;‘(}O]ED}
3cke= ZQdd, o+ doly 19 & 377} tloly 38t} ¢ 27| ufolgta B 4 9tk dE
W 7 A7) o] A E A uff tlo]¥ 19lA 2+ KWh, KWa, KWs9] AEE p#d 2AEA p3kel 7‘]"’]
+= 0.0078, 0.1042, 0.0091 0] t|o]E 3oA4e] Z}o]+= 0.0034, 0.078, 0.00320]T}. wreta] ®E2] 77
}ﬂ'~ ] 37 V‘q AL ZAEAEL o &3 phs AlFSths oe] Al wet HR5H
ojd Aol A NEL7t 22 k x k 2&FNA AEE B4 £2 oz & &+ U} =3 F
AA dlelejell A &t #FH old pak 1,000,000702] A EE o3t 2 FH o)A pFh2 A9 FYsh
e HolBZ AFEE phel g&ll F&3t pgre] "iAlV) 7ssitta & 4 o, At AEE p#es
Axteted Al AlZro] @A 40.45% (dlolE] 19 %), 40.93% (dlo|¥ 29| A-%)9} 72.12% (v
olE] 39| Aol Bt A2 ARE FFe o] FHolzt & & AUtk
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Abstract

Asymptotic tests are often not suitable for the analysis of sparse ordered contingency
tables as asymptotic p-values may either overestimate or underestimate the true p-
values. In this pater, we describe permutation procedures in which we compute exact
or resampling p-values for a weighted specific-category agreement in ordered k X k
contingency tables. We use the weighted specific-category kappa proposed by Kvalseth
to measure the extent to which two independent raters agree on the specific categories.
We carried out comparison studies between exact p-values, resampling p-values and
asymptotic p-values using 3 x 3 contingency data (real and artificial data sets) and

4 x 4 artificial contingency data.

Keywords: Contingency tables, permutation, p-values, weighted specific category agree-

ment,
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