
SUPPLEMENTARY MATERIAL

The R code for the simulation described in the paper: How Robust Are
Multi-Rater Inter-Rater Reliability Indices to Changes in Frequency
Distribution?
##############################################################
# How Robust Are Mult i−Rater In t e r−Rater R e l i a b i l i t y I n d i c e s #
# to Changes in Frequency D i s t r i b u t i o n ? #
##############################################################
#
# A Monte Car lo s imu l a t i o n e x p l o r i n g t h e e f f e c t s o f l e v e l changes
# and f r e quency d i s t r i b u t i o n changes on 5 IR i n d i c e s .

###### GLOBAL VARIABLES ########
numFDs = 6
numADs = 6
a l l IR s = array (0 , c (5 ,11 ,numFDs ,numADs) )
################################

# Returns a 6 x L matr ix where (a , b ) i s p r o b a b i l i t y o f a s c o r e r 1 g i v i n g r a t i n g b
# assuming f r e quency d i s t r i b u t i o n a . L i s t h e number o f l e v e l s in t h e s c a l e .
# A l l 6 FDs are s p e c i a l c a s e s o f t h e be ta−b inomia l d i s t r i b u t i o n .
buildFDMatrix = function (L = 9)
{

# need dbetab inom . ab f un c t i o n
l ibrary (VGAM)

shapes = l i s t (c ( 0 . 2 5 , 0 . 2 5 ) , c ( 1 , 1 ) , c ( 2 , 2 ) , c (50 ,50 ) , c (25 ,50 ) , c ( 5 , 50 ) )

probs = array (0 , c (numFDs ,L) )
for ( i in 1 :numFDs) probs [ i , ] = dbetabinom . ab (x=0:(L−1) , s i z e=L−1, shape1=shapes [ [ i ] ] [ 1 ] ,

shape2=shapes [ [ i ] ] [ 2 ] )

return ( probs )
}

# Create a d i s c r e t e uni form d i s t r i b u t i o n wi th f i n i t e suppor t on {a , a +1 , . . . , b}
# x i s a v e c t o r o f i n d i c e s c on t a i n i n g t h e range a : b , 0 s are p l a c ed o u t s i d e a : b
d i s cUn i f = function (x , a , b)
{

prob = 1/ (b−a+1)
probs = rep (0 , length ( x ) )
probs [ a : b−x [ 1 ]+1 ] = prob
return ( probs )

}

# Create a d i s c r e t e t r i a n g l u a r d i s t r i b u t i o n wi th suppor t on {a , a +1 , . . . , b } ; s i z e o f suppor t
# shou l d be odd . I f so , t h e h i gh po i n t w i l l be a t ( b−a )/ 2 ; v a l u e s a t a and b are 0
di scTr iang = function (x , a , b)
{

i f ( ( b−a ) %% 2 != 0) stop ( ” S i z e o f f i n i t e support must be odd” )
c = (b+a )/2
h = 2/ (b−a )
s l ope = h/ (c−a )
ups = s l ope ∗ ( a : c − a )
downs = −s l ope ∗ ( ( c+1):b − b)
t r i ang = c ( ups , downs )
t r i ang = t r i ang/sum( t r i ang )
probs = rep (0 , length ( x ) )
probs [ a : b−x [ 1 ]+1 ] = t r i ang
return ( probs )

}

# Returns a 6 x L x L matr ix where (a , b , c ) i s p r o b a b i l i t y o f a s c o r e r g i v i n g r a t i n g c
# when r a t e r 1 g i v e s r a t i n g b assuming an agreement d i s t r i b u t i o n a . L i s t h e number o f
# l e v e l s in t h e s c a l e .
buildADMatrix = function (L = 9)
{

# even L v a l u e s are a prob lem f o r binom d i s t r i b u t i o n s s i n c e we want a mode
# in our ADs ; add 2 to move 0 endpo in t s o f t r i a n g u l a r d i s t r i b u t i o n o u t s i d e suppor t
B = i f e l s e (L %% 2 == 0 , L ,L−1)+2
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ADs = l i s t ( function (B) dbinom( x=(2−B):(2+B) , prob=1/2 , s i z e =4) ,
function (B) dbinom( x=(−B/ 2 ) : ( 3∗B/2) , prob=1/2 , s i z e=B) ,
function (B) d i scTr iang (x=−B:B,−2 ,2) ,
function (B) d i scTr iang (x=−B:B,− f loor (B/2) , f loor (B/ 2 ) ) ,
function (B) d i s cUn i f ( x=−B:B,− f loor (B/4) , f loor (B/ 4 ) ) ,
function (B) d i s cUn i f ( x=−B:B,−B,B) )

# now move th e suppor t window around a l l p o s s i b l e R1 v a l u e s
probs = array (0 , c (numADs,L ,L) )
for ( a in 1 :numADs) {

for ( r1 in 1 :L) {
lb = (B+2−r1 )
ub = lb + L − 1
# s h i f t !
unsca led = ADs [ [ a ] ] ( B) [ lb : ub ]
# r e s c a l e p r o b a b i l i t i e s when t h i n g s f a l l o u t s i d e 1 :L
unsca led [ i s .na( unsca led ) ] = 0
probs [ a , r1 , ] = unsca led/sum( unsca led )

}
}

return ( probs )
}

# This f u n c t i o n r e t u rn s an array where t h e rows r e p r e s e n t d i f f e r e n t f r e qu ency d i s t r i b u t i o n s
# and the columns are d i f f e r e n t agreement d i s t r i b u t i o n s . The e n t r i e s are t h e IRs unders
# tho s e cond i t i on s , averaged ac ro s s numSims s imu l a t i o n s . By r e p e a t e d l y c a l l i n g t h i s
# method wi th v a r i ou s inpu t s , we can e x p l o r e how a l l t h e parameters i n t e r r a t e , and hence ,
# what f a c t o r s most p ow e r f u l l y i n f l u e n c e IR .
bui ldIRs = function ( numLevels = 9 , numUnits = 20 , numRaters = 8 , numSims = 5 ,

IRfunc = krippen . alpha . raw )
{

fdmat = buildFDMatrix ( numLevels )
admat = buildADMatrix ( numLevels )

r a t i n g s = array (0 , c (numFDs ,numADs, numRaters , numUnits , numSims ) )

# bu i l d r a t e r 1 ’ s s c o r e s u s ing fdmat
for ( fd in 1 :numFDs)

r a t i n g s [ fd , ,1 , , ] = sample ( x=c ( 1 : numLevels ) ,
s i z e=numADs∗numUnits∗numSims ,
prob=fdmat [ fd , ] ,
replace=TRUE)

# bu i l d s c o r e s f o r r a t e r s 2 th rough numRaters u s ing admat
for ( fd in 1 :numFDs)

for ( ad in 1 :numADs)
for (u in 1 : numUnits )

for ( s in 1 : numSims) {
r1 = ra t i n g s [ fd , ad , 1 , u , s ]
r a t i n g s [ fd , ad , 2 : numRaters , u , s ] = sample ( x=c ( 1 : numLevels ) ,

s i z e=numRaters−1,
prob=admat [ ad , r1 , ] ,
replace=TRUE)

}

# bu i l d IRs f o r each sim
IRVals = array (0 , c (numFDs ,numADs, numSims ) )
for ( fd in 1 :numFDs)

for ( ad in 1 :numADs)
for ( s in 1 : numSims)

IRVals [ fd , ad , s ] = IRfunc ( t ( r a t i n g s [ fd , ad , , , s ] ) , weights=” quadrat i c ” , print=FALSE) [ 3 ]

return (apply ( IRVals , c ( 1 , 2 ) ,mean) )
}

# Bui l d s a l l t h e IRs used in t he paper . Approx run t ime : 1 hour , 40 minutes
# A l t e r s t h e g l o b a l a l l I R s matr ix where ( i r , L , fd , ad ) i s found by :
# 1) Take a f i x e d f d and ad . Bu i l d a r a t i n g s t a b l e w i th 8 r a t e r s and 100 un i t s
# assuming a s c a l e w i th L l e v e l s .
# 2) Ca l c u l a t e t h e IR us ing IR f un c t i o n i r .
# 3) Repeat t h e p r o c e s s f o r 500 i t e r a t i o n s and average t h e 500 IR r e s u l t s .
# This v a l u e goes in s po t ( i r , L , fd , ad ) .
#
# Po s s i b l e l e v e l s ( v a l u e s f o r L ) : 4 to 11
# Po s s i b l e IR i n d i c e s ( v a l u e s f o r i r ) : f l e i s s , conger , k r i p p endo r f f ,
# brennan−p r ed i g e r , gwet AC2 ( c a l l e d ac1 be low )
bu i ldAl l IRs = function ( )
{

i r f u n c s = l i s t ( f l e i s s .kappa . raw , conger .kappa . raw , kr ippen . alpha . raw ,
bp . c o e f f . raw , gwet . ac1 . raw )

for ( i r in 1 : 5 )
for (L in 4 : 11 ) {

a l l IR s [ i r , L , , ] <<− bui ldIRs ( numLevels=L , numUnits=100 , numRaters = 8 ,
numSims = 500 , IRfunc = i r f u n c s [ [ i r ] ] )
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#code to watch p r o g r e s s
print (paste ( ”done with” , i r , ” ” ,L) )

}
}

# Crea te s v i s u a l i z a t i o n s f o r t h e a l l I R s g l o b a l v a r i a b l e which i s pas sed as t h e
# parameter data ; p r i n t s a b l a c k and wh i t e f i g u r e i f c o l o r i s f a l s e
# g en e r a t e s 5 t o t a l p l o t s ; t h e s e are send to PDFs i f p r i n tToF i l e i s t r u e
c r e a t eLeve lP l o t s = function (data , c o l o r = TRUE, pr intToFi l e = F)
{

l ibrary ( l a t t i c e )

IRNames = c ( ” F l e i s s ’ s kappa” , ”Conger ’ s kappa” , ”Krippendorf f ’ s alpha ” ,
”Brennan−Pred iger c o e f f i c i e n t ” , ”Gwet ’ s AC2” )

path = ”C: //Users//dquar foot//Desktop//GradSchool//Di s s e r t a t i on//AmerStat Paper//Fina lVers ion ”
f i l eNames = c ( ” f l e i s s p l o t . pdf ” , ” congerp lo t . pdf ” , ” k r ippp lo t . pdf ” ,

” bpplot . pdf ” , ” gwetplot . pdf ” )
ve r s i on = i f e l s e ( co lo r , ” c o l ” , ”bw” )
f i l eNames = paste ( vers ion , f i leNames , sep=”” )
f i l eNames = paste (path , f i leNames , sep=”//” )

myPanel = function (x , y , z , . . . )
{

panel . l e v e l p l o t (x , y , z , . . . )
panel . text (x , y , round( z , 2 ) )

}

i f ( c o l o r ) { # use c o l o r f o r on l i n e p r i n t i n g
pal = cm. colors (40)

} else # use wh i t e to gray f o r j o u r n a l p r i n t i n g
pal = gray (100 :61/100)

for ( i r in 1 : 5 ) {
X = c (numADs: 1 )
Y = c ( 1 : numFDs)
grid = expand . grid (X=X,Y=Y)
grid$Z = as . vector (data [ i r , 9 , , ] ) # use 9− l e v e l L i k e r t s c a l e
i f ( pr in tToFi l e ) pdf ( f i l e=fi leNames [ i r ] , width = 6 , he ight = 4)

plot ( l e v e l p l o t (Z ˜ Y∗X, grid , panel = myPanel ,
col . r e g i on s = pal ,
s c a l e s=l i s t ( x=l i s t ( at=c ( 1 :numADs) , labels=paste ( ”AD” ,c ( 1 :numADs) ) ) ,

y=l i s t ( at=c (numFDs : 1 ) , labels=paste ( ”FD” ,c ( 1 :numFDs ) ) ) ) ,
xlab=”” , ylab=”” ,main=paste ( ”Average IRs us ing ” , IRNames [ i r ] ) ) )

i f ( pr in tToFi l e ) dev . of f ( )
}

}

# Makes t h e p l o t s s t u d y i n g t h e e f f e c t o f t h e number o f l e v e l s , L
# gen e r a t e s 2 t o t a l p l o t s ; again , t h e s e are s en t to a PDF i f p r i n tToF i l e i s t r u e
c reateViz2 = function (data , c o l o r=TRUE, pr intToFi l e=F)
{

l ibrary ( l a t t i c eEx t r a )

path = ”C: //Users//dquar foot//Desktop//GradSchool//Di s s e r t a t i on//AmerStat Paper//Fina lVers ion ”
f i l eNames = c ( ” l e v e l s 1 3 . pdf ” , ” l e v e l s 4 6 . pdf ” )
ve r s i on = i f e l s e ( co lo r , ” c o l ” , ”bw” )
f i l eNames = paste ( vers ion , f i leNames , sep=”” )
f i l eNames = paste (path , f i leNames , sep=”//” )

colorModel = i f e l s e ( co lor , ” srgb ” , ” gray” )

ind = which ( ! i s .na(data ) , a r r . ind=TRUE)
df = as . data . frame (cbind (data , ind ) )
names(df ) = c ( ” va l ” , ”IR” , ” l e v e l s ” , ”FD” , ”AD” )

# not enough space f o r 6 x6 p l o t , so we break i t i n t o 2 3 x6 p l o t s
plotgroup = l i s t (c ( 1 : 3 ) , c ( 4 : 6 ) )

for ( i in 1 : 2 ) {
ddf = subset (df , (FD %in% plotgroup [ [ i ] ] ) )

# append FD or AD to number to make c l e a r e r in p l o t
ddf$FD = factor (paste ( ”FD” , ddf$FD))
ddf$AD = factor (paste ( ”AD” , ddf$AD))
ddf$FD = factor ( ddf$FD, levels = rev (paste ( ”FD” , p lotgroup [ [ i ] ] ) ) ) # f i x p l o t order

i f ( pr in tToFi l e ) pdf ( f i l e=fi leNames [ i ] , paper=’ a4r ’ , width=11,
he ight = 8 , co lormodel=colorModel )

# now p l o t
plot ( useOuterStr ips (

xyplot ( va l ˜ levels | factor (AD) + factor (FD) , group = factor ( IR ) ,
data=ddf , main=” In f l u en c e o f Leve l s on IR” ,
xlab = ”Number o f Leve l s ” , ylab = ”IR Value” , type=c ( ” l ” , ”p” ) ,
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s c a l e s=l i s t ( x= l i s t ( at =1:8 , labels = 4:11 , cex = 0 . 7 ) ) ,
par . s e t t i n g s = l i s t ( superpose . symbol = l i s t ( pch = 1 : 5 ) ,

superpose . l i n e=l i s t ( l t y =1:5)) ,
auto . key=l i s t ( text = c ( ” F l e i s s ” , ”Conger” , ”Kr ippendor f f ” ,

”Brennan−Pred iger ” , ”Gwet AC1/2” ) ,
space=”top” , columns=5, points=T, l ines=T, cex . t i t l e =1) ,

s t r i p = s t r i p . custom ( factor . levels = factor ( ddf$AD) ) ,
s t r i p . l e f t=s t r i p . custom ( factor . levels = factor ( ddf$FD) ) ) ) ) + theme bw( )

i f ( pr in tToFi l e ) dev . of f ( )
}

}

# Draws the 6 FDs in a g r i d l a y o u t o f row rows and c o l columns
drawFDs = function (row=3,col=2,L = 9)
{

names = c ( ”FD 1 : Extremes” , ”FD 2 : Uniform” , ”FD 3 : Centra l ” , ”FD 4 : Binomial ” ,
”FD 5 : Skewed” , ”FD 6 : Very Skewed” )

par (mar=c ( 4 . 5 , 2 , 1 , 1 ) )
par (mfrow=c (row , col ) )
fdmat = buildFDMatrix (L)
for ( i in 1 :numFDs)

barplot ( fdmat [ i , ] , #yl im=c (0 ,max( fdmat )+0.05) ,
xlab=names [ i ] )

}

# Draws the 6 ADs in a g r i d l a y o u t o f row rows and c o l columns
drawADs = function (row=3,col=2,L = 9 , r1 = f loor ( (L+1)/2) )
{

names = c ( ”AD 1 : Fixed−Width Binomial ” , ”AD 2 : Fully−Sca l ing Binomial ” ,
”AD 3 : Fixed−Width Tr iangular ” , ”AD 4 : Fully−Sca l ing Tr iangular ” ,
”AD 5 : Pa r t i a l l y−Sca l ing Uniform” , ”AD 6 : Fully−Sca l ing Uniform (Random)” )

par (mar=c ( 4 . 5 , 2 , 1 , 1 ) )
par (mfrow=c (row , col ) )
admat = buildADMatrix (L)
for ( i in 1 :numFDs) {

barplot ( admat [ i , r1 , ] , x lab=names [ i ] )
axis (1 , at=c ( r1 +0.5) , labels=c ( ”∗” ) )

}
}

# Shows a f a c e t e d bar cha r t f o r AD2 assuming L = 9 to g i v e a f e e l f o r how
# the AD depends on R1 ’ s s co r e
drawViz = function (L = 9 , ADNum = 2)
{

l ibrary ( ggp lot2 )

data =buildADMatrix (L ) [ADNum, , ]
data f = as . data . frame (which (array (T, c (L ,L ) ) , a r r . ind = T))
data f$va l = as . vector (data )
names( data f ) = c ( ”R1” , ”OtherRater ” , ”prob” )
data f$R1 = as . factor ( data f$R1)
data f$OtherRater = as . factor ( data f$OtherRater )

temp = ggplot ( dataf , aes ( x=OtherRater , y=prob ) ) +
geom bar ( stat=” id en t i t y ” ) +
f a c e t wrap ( ˜ R1 , ncol = 3) +
xlab ( ”Other Rater ’ s Score ” )

plot ( temp)
}

# Crea te s t h e h i s t o g rams f o r t h e Geometry prob l ems s tudy
# Uses data from the v a r i a b l e r a t e r s ( from e l s ewhe r e )
geomHistograms = function ( pr in tToFi l e=F)
{

path = ”C: //Users//dquar foot//Desktop//GradSchool//Di s s e r t a t i on//AmerStat Paper//Fina lVers ion ”
f i l eNames = c ( ” d i f f . pdf ” , ”nov . pdf ” , ”pd . pdf ” , ”auth . pdf ” )
f i l eNames = paste (path , f i leNames , sep=”//” )

whichOnes = c (1 ,3 , 12 ,14 )
names = c ( ” D i f f i c u l t y ” , ”Novelty ” , ”Product ive D i spo s i t i o n s ” , ”Authent i c i ty ” )

for ( i in 1 : 4 ) {
s c o r e s = NULL
for ( j in 1 : 8 ) { # the e x p e r t pane l

s c o r e s = c ( s core s , r a t e r s [ [ j ] ] $psco re s [ , whichOnes [ i ] ] )
}
i f ( pr in tToFi l e ) pdf ( f i l e=fi leNames [ i ] , width = 6 , he ight = 4)

barplot ( table ( factor ( s core s , levels =1:9)) ,
main = paste ( ”Histogram of ” ,names [ i ] ) ,
x lab = ”Rating” , ylab = ”Count” , space = 0)

i f ( pr in tToFi l e ) dev . of f ( )
}

}
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