RXY YTk
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%1 HF/—t 23/ EEEOR OIS A

epe

<~ function(x, y){

#

TFRARXDIN—E 2L JIZHIET BTA LY DBRE

HET DR, oY) ELSHLEHRERLS,

X TAMXDEZEHB/R ET—4)

nx: TR F XD 0 SRREEHRS ST TOREHREK

y - TAMYDEEHFR GT—%, FELEZVLAD
TR MEH)

ny TR MY D0 M SERFERSEFE TORRS

dist. f: E#OhzkzEHNd 565,
prix: FARXDNN—tRAILS529 ERODEH
prfy:  FRALYDIN—t 224 )ILEKDZEEH

pfl: TR KYD/IA—t 2B A IILERD D, priy DEREEL
pfl:  FTRAKYD/IN—E B A IILERD D, priy DEREEL
eYx: FAMXORELIZFRA Y DBREZZ/NN—EE21MIL

FbT SF LR

SHIBUYA Takumi at TOHOKU University , 2018

T H H H H FH H o HF H O B

dist. f <~ function(x) {

#twidth or class

mnc <- min(x)

mxc <— max ()

m <~ length (0:mxc)

#frequancy  freq <- table(cla)

freq <- data. frame(rep (0, m), row.names = as. character (0:mxc))
#EBAOYY M, BEHROBHA LTS,

colnames (freq) <- “freq”

for (i in 0:mxc) {
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f—sum(d * (x = 1i))
freqli+l,] <~ f
}
#eumlative freq
cum. freq <~ cumsum(freq)
#irelative freq
percent <- freq/sum(freq)*100
#relative cumlative freq
cum. pent <- cumsum (percent)
#discrete density (function)
ddf <~ freq/length(x)
#cumlative discrete density (function)
cddf <~ cumsum(ddf)

result <- cbind(freq, cum.freq, percent, cum.pcnt, ddf, cddf)

colnames(result) <- ¢(“freq”, “cum.freq”, “percent”, “cum.pcnt”
“cddf”)

result

tablex <- dist. f(x)
tabley <- dist. f(y)

#pecentile rank function of x
prfx <~ function(q) {

xast <- round (q)
x1 <= g+

t EHOMRN 0D DIEFED K S ITHRE,

xlast <- round (x1)
cddf <- tablex$cddf

t EROHRTVERAA, OERA
# RIES MR

if(xlast = 1) {

“ddf”,



#IN—E RISV DEHE,
#=1-L, OLUTOERMIIFELLZL=H0 EELV,
prf <~ (0+(g—xast+0. 5) * (cddf [x1ast]-0))*100

} else if(xlast >=2) {
#N—E AT DEE
prf <~ (cddf[x1ast-1]+(g—xast+0. 5) * (cddf [x1ast]-cddf [x1ast-1]) ) *100
} else if(xlast = 0) {
#-0.5 LITDIHZE(0
prf <~ 0
}
#RKIEH0 LI EDZEE 100,
#f-1=L, XKIEH0.5 ULDEZEAND & prf AANA ZRTHEZFIA LT
if (is.na(prf)) prf <- 100
prf
}

#percentile rank function of y
prfy <- function(r) {
yast <- round(r)
yl <= r+l
it E#MOGRA 0 SIRB K S (THERZE,
i EERA
# RESMEN

ylast <- round(y1)
cddf <- tabley$cddf

if(ylast = 1) {
#N—E AT DETE.
# =ZL, EHO0LTORBAIMEHDMEIFELELH0 LELV:,
prf <- (0+(r-yast+0. 5) * (cddf [ylast]-0))*100

} else if(ylast >=2) {
t IN—EBAILS O DEE
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prf <- (cddf[ylast-1]+(r-yast+0. 5)* (cddf [ylast]-cddf [ylast-1]))*100

} else if(ylast = 0) {

#-0.5 LITDIZEEIL0
prf <~ 0

}
# AMEA0 LLEDIZEIL 100, 7=72L, =KE+0.5 LI LDESE
# AnBE prf HNA ZRITHEEZEFIA L=,

if (is.na(prf)) prf <- 100

prf

}

WN—E RIS DEE
nx <~ (max (x)+1) # 0 MSEANIEE TOREREL, 7-7= LRESHRIEIE 1
ny <~ (max (y)+1)

resultx <- matrix (0, nx, 1) #HEREABRDITHE/ERK
resulty <- matrix(, ny, 1)

for (i in O:max(x)) {
HEERHER 0N 1 TRIZES K SIS,
resultx[(i+1), 1] <= prfx(i)

}

i+1 {TENLRAZIEILDHD,

for (i in O:max(y)) {

HEZEHF/R 0N 1ITRIZES K S, i+ TTEMLRAZIZILD S,
resulty[(i+1), 1] <= prfy(i)

}

#

i HeBE%

# TAMYDOREETAMXOBEIZHLTE/ \—E 21 ILELTS.



# tabley2 (X DED/\—t 2% A LB THERT %,

s
tabley?2 <- matrix(0, ny, 3)
tabley2[, 11 <~ O:max(y) # EBEGH

tabley2[, 2] <- tabley [, 6] # Zi&EH AL
tabley2[, 3] <- resulty # /\—tE R AILT2Y
tabley? <- as. data. frame (tabley2)

#

B AALEEIE OS—t2 b)) JYLBRBENN—tE Y PAKREVVGRDOHT,

# &xLNSVBRIEZFIRT 5,
#

pfU <- function(p) {
if(p/100 > tabley2$V2[1]) {
a <- tabley2[tabley2§V2 >= (p/100), ]
yU <- a1, 1]
FyU <- a$V2[1]
b <~ tabley2[tabley2$V2 < (p/100), ]
FyUl <- b§v2[yU]
pfU <~ (p/100 - FyU1)/ (FyU-FyU1) + yU - 0.5
lelse if(p/100 = 0) {
pfU <- 0
lelsef
pfU <- p/100 / tabley2$V2[1] + tabley2$V1[1]-0.5
}
pfU

#

B Chiold, ANLERE US—tU ) SYIBBRNA—ED A
B ANSVVEROBT, RLREVBHKIEZFIRT .

J

#
# the end of this program
#

#

pfL <~ function(p) {
if(p/100 > tabley2§V2[11) {
a <~ tabley2[tabley2$V2 >= (p/100), ]
yL1 <= a[1,1]
FyL1 <- a$V2[1]
b <~ tabley2[tabley2$V2 < (p/100), ]
FyL <- b§V2[yL1]

pfL <-(p/100 - FyL)/(FyL1-FyL) + (yL1 - 1) + 0.5

Yelse if(p/100 = 0) {
pfL <=0
} else {
pfL <- p/100 / tabley2$V2[1] - 1 + 0.5
}
pfL
}

eYx <- matrix(0, nx, 2)
for (i in 1:nx) {
eYx[i, 11 < pfU(resultx[il])
eYx[i, 2] <~ pfL(resultx[il])
}

result <- cbind(resultx, 0:max(x), eYx)

colnames (result) <- ¢("PR of x”, “raw score”, “pfU”

result

“pfL")




f48%2 Recursion Formula ZRWL\-ETTBESMOERD=HDOR TO5 S5 L

# XRIEFEHE

#

#  FHREEZERL-EMNGERES TSR SHREWE

# B REFRCHSRHEEZER L -ARHAEOLHORHOBEEINRICET SHE

L5

#
#
#
#
#
#
#
#
#

MEFEEILDRE & OXGDIFIZ &K DERAFAEDFERMLLE]
HIZRAR HUE FEXRFHEFAERSER
WREF WETS RIERXFHEFRRMEL1F

WAHE RIEXFHEEFARREL1F

Oct 18, 2017 ERiBALA

i

# FRT ETILZE D BESDEL]

#

# IRT /85 A4 M5 Lord & Wingersky (1984) @ Recursion Formula 2% &2

BRZEHL, TOEHSHEZERT S,

i ZOTRTSLIE "HEE  SESHEHTOS S L 20110506, txt”EHRET
TR LT,

#

#

¥ SEXH Lord & Wingersky (1984)

Equipercentaile Observed Score Equatings

# Kolen & Brennan (2014)
Linking/6.6 Equating Observed Scores

Comparison of IRT TrueScore and

Test Equating, Scaling, and
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#

¥ sEEH 511(2011)  $REE : /RS MEL IO S L 20110506, txt
#

#

¥ AHNER (IRT/85 4 %)

i a : SRl

# b : ESESES

# theta #E LI-BENIE

#

#

# HAEER HEXEHS T ET/RS) OER NS LA
#

# The program starts here

# #

#Input Parameters

#Item parameters, b and a, are estimated by using easy estimation, Kumagai
(2009) .

#Item parameters are arranged in 3rd collumn and 4th collumn

1 #

# imput test datas

dataX <- read.csv(”/Users/chihiroitamiya/Documents/ngakul6&18/ngakul6. csv”,
header = F)

dataX <- dataX[, 2:ncol (dataX) ]

dataX <- as.matrix (dataX)

scoreX <- dataX %+% matrix (1, ncol (dataX), 1)

dataY <- read.csv(”/Users/chihiroitamiya/Documents/ngakul6&18/ngakul8. csv”,
header = F)
dataY <- dataY[, 2:ncol (dataY)]



dataY <- as.matrix (dataY)
scoreY <- dataY %% matrix (1, ncol (dataY), 1)

# imput item parameters

paraX (-
read. csv (“/Users/chihiroitamiya/Documents/ngaku16&18/ngakul6Para. csv”
skip=1, header = F) #attention!!!! dataframe, not matrix!!!

ax <- paraX$v3
bx <- paraX$v4

paraY (-
read. csv (“/Users/chihiroitamiya/Documents/ngaku16&18/ngaku18Para. csv”
skip=1, header = F) #attention!!!! dataframe, not matrix!!!

ay <- paraY$V3
by <- paraY$v4

# imput theta

# thetaEAP

thetaxEAP <~
read. csv (“/Users/chihiroitamiya/Documents/ngaku168&18/ngaku16ThetaEAP. csv™)
thetaxEAP <- thetaxEAP[, 3]

thetayEAP <~
read. csv (“/Users/chihiroitamiya/Documents/ngaku16&18/ngakul18ThetaEAP. csv”)
thetayEAP <- thetayEAP[, 3]

#t thetaMAP

thetaxMAP <~
read. csv (“/Users/chihiroitamiya/Documents/ngaku16&18/ngaku16ThetaMAP. csv”)
thetaxMAP <- thetaxMAP[, 3]
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thetayMAP <~
read. csv ("/Users/chihiroitamiya/Documents/ngakul6&18/ngaku18ThetaMAP. csv™)
thetayMAP <- thetayMAP[, 3]

# thetalLE

thetaxMLE <~
read. csv (“/Users/chihiroitamiya/Documents/ngakul6&18/ngakul6ThetaMLE. csv™)
thetaxMLE <- thetaxMLE[, 3]

thetaxMLE <- as. character (thetaxMLE)

thetaxMLE <- as. numer ic (thetaxMLE)

thetaxMLE <- thetaxMLE[!is. na(thetaxMLE)]

thetaxMLE <- as.matrix (thetaxMLE)

thetayMLE <~
read. csv (“/Users/chihiroitamiya/Documents/ngaku16&18/ngaku18ThetaMLE. csv”)
thetayMLE <- thetayMLE[, 3]

thetayMLE <- as. character (thetayMLE)

thetayMLE <- as. numer ic (thetayMLE)

thetayMLE <- thetayMLE[!is. na(thetayMLE) ]

thetayMLE <- as.matrix (thetayMLE)

# thetaPV

thetaxPV <~
read. csv (“/Users/chihiroitamiya/Documents/ngaku16&18/ngaku16ThetaPV. csv”)
thetaxPV <- thetaxPV[, 3]

thetayPV <~
read. csv (“/Users/chihiroitamiya/Documents/ngaku16&18/ngaku18ThetaPV. csv”)
thetayPV <- thetayPV[, 3]



it B8 5%% (IRT observed score distribution) MER 55 L, BIEEMSTE # #

HaiE # Distribution of Ability
score.dist <- function(theta, ax, bx, cumulative=T, max. x=max (score, na.rm = # #
TRUE), i <~ sort. | ist (thetax)
col="blue”, Ity=1, type="1", name="score distribution”) { thetax <- thetax[i]
1 # i <~ matrix(1:n,1,n)
# This function generates distribution of IRT observed scores # #
# on 2-parameter logistic model. # Conditional Probabilities of Test Scores
i 1 #
# m : number of items probability <- function(trait, a, b) {
# : number of subjects # #
# rn : number of normal random numbers # This function generates conditional probability
# theta : ability # for a fixed ability on 2-parameter logistic model
# a : item discriminating powers #
# b : item difficulties # The original Fortran77 program was
# hame : main title of the histogram # developed by Inoue, S. , December 1990
# col : color of the histogram # extended by Shibayama, T., January 1991.
# [ty : line type # translated into R by Shibayama, T. September 2008
t  type :  plot type #
#  cumulative draw a cumulative distribution #m © number of items
i # trait : ability
# This function developed by C. ITAMIYA and T. SHIBUYA., October 2017. #a : itemdiscriminating powers
# The Original syntax is written by T. SHIBAYAMA. #b : itemdifficulties
# # prb : conditional probability for a fixed ability
# it ptheta : P(theta)
1 # # gtheta : Q(theta)=1-P(theta)
# Number of Items and Subjects # #
# #
mx <- length(ax) #n of items m <- length(a)
mx1 <- mx+1 ml <- m+l
thetax <- theta ptheta <- matrix(0,m, 1)
n <~ length(thetax) #n of subjects gtheta <- matrix(0,m, 1)
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prb <- matrix(0,mi, 1)

i

ptheta<- 1/ (1+exp (-1. Txax (trait-b)))
gtheta<- 1-ptheta

i

prb[1] <- gthetal[1]

prb[2] <~ ptheta[1]

i

for(j in 2:m) {

| &) -1
J1 <= j+
1 <= I+

prb[j1] <~ prb[11]*pthetalj]

for(i in 1:1){
k <-i -1
i1 <= i+l
k1 <- k+1

prb[i11<-prb[k1]*pthetal jI1+prb[i1]*qthetal]]

prb[1] <- prb[1]*qthetal]]

}

i

probability <~ prb

#
}
f#cat ("¥nrecursion formula ZEfTHh")
prbtestscore<-matrix (0, n, mx1)
for (i in 1:n){

#spbar (i/n)
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prbtestscore[i, 1<- t(probability (thetax[i], ax, bx))

}

# #
# Marginal Probabilities of Test Score

# #

xfreq <- t(prbtestscore) %% matrix(1,n, 1)
xfreq <-cbind (matrix(O:mx, mx1, 1), xfreq)

temp <- round (xfreql, 2]) HEHD/INSE L T 2R
AT %

sum (temp)

#temp2 <- temp/sum (temp)

score <~ rep(xfreq[, 11, temp) HEMOTREANY MLIZE
FEERES)

mx <- max (score)

if (cumulative <- cumulative) {
cumulative <- cumsum(xfreql, 21/n)
cumulative <~ cbind (matrix (0:mx, mx1, 1), cumulative)
quartz ()
#win. graph ()
plot (cumulative, col=col, Ity=Ity, type=type, xlab="score”, ylab="relative
cumulative frequency”, main=name,

xlimFc (0, max. x), ylim=c (0, 1), cex=0. 5, cex. main=1. 5, cex. lab=1.5, cex. axis=1. 3)
Jelse{

quartz ()

twin. graph O

hist (score, col=col, xlab="score”, ylab="relative
frequency”, main=name, freq=FALSE, y|im=c (0, 0. 15),

breaks=seq (0.5, (mx+0.5), 1), cex. main=1.5, cex. axis=1. 3, cex. lab=1. 3)

HEERAMOER bS5 LEELMICHET 5



#n <~ length (score)
}

#OER - AEEL - REEY - EEENERET 2 7 L—LTHA

i BENMEERICEDOERY MLIZER

dist. data <- function(theta, a, b, frequency=T) {
# #
# This function generates numeric data of frequency distribution
# IRT observed scores on 2-parameter logistic model.

#

t m : number of items

# number of subjects

# rn : number of normal random numbers

#  theta ability

t# a : item discriminating powers

# b : item difficulties

# frequency : write a table of frequency distribution

#

# This function developed by C. ITAMIYA and T. SHIBUYA., October 2017

# The Original syntax is written by T. SHIBAYAMA.

i

1 #

a <~ as.matrix(a) HEB /T A 2 #1THIRR
129%

b <- as.matrix(b)
theta <- as.matrix (theta)
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1 #
# Number of Items and Subjects

i #
m <- nrow(a) #n of items

ml <- m+l

n <- nrow (theta) #in of subjects (theta IZIETE LT-BEHEZXAT B5E)

# #
# Distribution of Ability

1 #
i <- sort. | ist (theta) #theta Z=RFIBIZIERS

theta <- thetali]
i <~ matrix(1:n,1,n)

# #
# Conditional Probabilities of Test Scores
# #

probability <- function(trait,a,b) {
# #
# This function generates conditional probability
# for a fixed ability on 2-parameter logistic model

#

# The original Fortran77 program was

# developed by Inoue, S. , December 1990

# extended by Shibayama, T., January 1991.

# translated into R by Shibayama, T. September 2008
#



i m © number of items

# trait : ability

# a : item discriminating powers

i b . item difficulties

i prb . conditional probability for a fixed ability
i ptheta : P(theta)

# gtheta © Q(theta)=1-P(theta)

1

m <- nrow(a)

ml <- m+1

ptheta <- matrix(0,m, 1)
gtheta <- matrix(O,m, 1)
prb <- matrix(0,m1, 1)
#
ptheta<- 1/ (1+exp (-1. Txax (trait-b)))
gtheta<- 1-ptheta
#
prb[1] <- gtheta[1]
prb[2] <- pthetal[l]
i
for(j in 2:m) {
| <~ j -1
j1 <& j+
1 <= |+
prb[j1] <- prb[I1]*ptheta[]]

for (i in 1:1){
k <-i -1
i1 <= i+l
k1 <- k+1
prb[i1]<-prb[k1]#ptheta[ jl+prb[i1]*qthetal j]
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prb[1] <~ prb[1]*gthetal ]
}
#
probability <~ prb
#
}

prbtestscore<-matrix (0, n, ml)
for (i in 1:n){

prbtestscorel[i, 1<~ t(probability (thetali], a, b))

}

#

# Marginal Probabilities of Test Score

#

freg <- colSums (prbtestscore)
freq <— cbind(matrix(0:m,m1, 1), freq)

if (frequency <- frequency) {
f#ttemp <- round (freq[, 21)

RUTZRERAY S

#tscore <~ rep(freq[, 11, temp)

JUZERT %

#mx <- max (score)
#mean. observed <- mean (score)
#sd. observed <- sd(score)

FEHD /N

FEBOSTMRENY b

#scoredata <- data. frame (FEt4=mean. observed, 1Z#E{F===sd. observed)

#pr int (scoredata)



dist <~ freq[, 2]/sum(freq[, 2]) HExT ER S

cumulative <- cumsum(freql, 2]) IREERS T

cum. relative <- cumulative/n HRIEERERS T

distribution <~ data. frame (Fm=freq[, 11, BE#i=(freq[, 21), #BxtEL=dist
BFEE#=cunulative, BFEFEXES=cum. relative)

return(distribution)

lelsef
temp <~ round(freql, 21) HEHOIMNIRLUT S RAT S
score <- rep(freq[, 11, temp) HEHAMRENY MUIZEBRET S
return (score)

J
J

# true score distribution - raw score distribution [ZDUL\T (%)
# true score distribution MER RS L

1 #
truescore. hist <- function (theta, a, b, name="test”, color="cyan”) {

s #

a <- as.matrix(a) HIBE/NS A 2 #1T5IRR
1295

b <- as.matrix(b)
theta <- as.matrix (theta)

# Number of Items and Subjects

m <~ length (a) #n of items

ml <~ m+1

n <- length(theta)  #n of subjects

# Distribution of Ability
i <- sort. |ist (theta)

theta <- thetali]
i <~ matrix(1:n,1,n)

# Comditional Probabilities of True Scores

#
truescore<-function(trait, a, b) {

#
# This function generates true scores
# 2-parameter logistic model

#
#Hom  number of items
# trait : ability
# a © item discriminating powers
#t b  item difficulties
# ptheta : P(theta)
# tscore : true scores
#
m <- nrow(a)
ml <~ m+
t#totheta<— matrix (O, m, 1)
#
ptheta<- 1/ (1+exp (-1. Txa* (trait-b)))
#
truescore <- sum(ptheta)
#
}
#

tscore <- matrix (0, n, 1)

for(i in 1:n){
tscoreli,] <- t(truescore(thetali], a, b))
}
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quartz ()
hist (tscore, freq=FALSE, y| im=c (0, 0. 20) , breaks=seq (-0. 5, (mx+0.5), 1),

xlab="score”, col=color, main=name, cex. main=1. 5, cex. lab=1. 3, cex. axis=1. 3)

J
# #

# true score MDRBEEMNH

# #
cum. truescore <- function (theta, a, b) {
# #
# Number of Items and Subjects
1 #
mx <- length (a) #n of items
mx1 <- mx+1

n <- length (theta) #n of subjects

# #
# Distribution of Ability
# #

i <- sort. |ist(theta)
theta <- thetali]
i <-matrix(1:n,1,n)

1 #
truescore<-function(trait, a, b) {
# #
# This function generates true scores
# 2-parameter logistic model.
#
# om © number of items
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# trait : ability
# a : item discriminating powers
# b © item difficulties
# ptheta : P(theta)
# tscore : true scores
#
m <- nrow(a)
ml <- m+1
#ptheta<- matrix (0, m, 1)
#
ptheta<- 1/ (1+exp (-1. Txax (trait-b)))
#
truescore <- sum(ptheta)
#
}
#
# #
# True Scores
1 #

tscore <- matrix (0, n, 1)
for(i in 1:n){

tscoreli,] <- t(truescore(thetali], a, b))
}

tscore <- round (tscore)

mean. tscore <- mean (tscore)

sd. tscore <- sd(tscore)

scoredata <- data. frame ((Ftg=mean. tscore, #Z#E{RZE=sd. tscore)
print (scoredata)



dist. f <~ function(w) {
cla<-w
mnc <- min(cla)
mxc <- max(cla)
cla <- factor (cla, levels=mnc:mxc)
freq <- table(cla)
cum. fregq <- cumsum (freq)
percent <- freg/sum(freq)*100
cum. pent <~ cumsum (percent)
ddf <~ freq/length W)
cddf <~ cumsum(ddf)
names (freq) <- paste (mnc:mxc)
return (cbind (freq, cum. freq, percent, cum. pcnt, ddf, cddf))

dist. f (tscore)
cum. freq <- dist. f (tscore)
cum. freq <~ cbind(c(0: (length (cum. freql, 21)-1)), cum. freq[, 21/n)
plot (cum. freq, type="1", col="black”, x|ab="score”, ylab="relative cumulative
frequency”
xlimec (0, 25), ylim=c (0, 1), |ty=4)

# raw score distribution (EBEAHM) DERX IS L

# #
#t FormX

quartz ()

hist (scoreX, freq=FALSE, ylim=c (0, 0. 15), breaks=seq (-

0.5, (25+0.5), 1), col="#A9A9A9"
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main="raw score distribution of FormX”, cex.main=1.5)
# FormY
quartz ()
hist (scoreY, freq=FALSE, ylim=c (0, 0. 15), breaks=seq (-
0.5, (25+0.5),1), col="gray”
xlab="score”, main="raw score distribution of FormY”, cex.main=1.5)

# #

# raw score MEFEEHH T

# #
rawcum. hist <~ function(score, color="black”, max. x=max (score
TRUE), LTY=1,

na. rm

name="cumulative frequency distribution”, sname="") {

dist. f <~ function(w) {

cla<-w

mnc <- min(cla, na.rm = TRUE)

mxc <- max(cla, na.rm = TRUE)

cla <~ factor (cla, levels=mnc:mxc, exclude = NA)

freq <- table(cla)

cum. freq <~ cumsum(freq)

percent <- freq/sum(freqg)*100

cum. pent <- cumsum (percent)

ddf <~ freq/length W)

cddf <- cumsum (ddf)

names (freq) <- paste (mnc:mxc)

return (cbind (freq, cum. freq, percent, cum. pent, ddf, cddf))
}
mean. raw <- mean (score)
sd. raw <- sd(score)
scoredata <- data. frame (FEt5=mean. raw, {Z4E{RZ=sd. raw)
print (scoredata)



dist. f (score)
cum. freq <- dist. f (score)

cum. freq <- cbind(c (0: (length (cum. freq[, 21)-1)), cum. freq[, 41/100)

plot (cum. freq, type="1", col=color, xlab="score”, ylab="relative
frequency”
xlim=c (0, max. x), ylim=c (0, 1), 1ty=LTY, main=name, sub=sname)

cumulative
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18%3 T+ 2/ AR ENEFRAVV-HEEERD-OOR OIS A

plausible <- function(xall, param, gh, nofrands=10
file="default”, output=FALSE, IDc=1, Gc=2, ITEMc=3) {

library (dplyr)

# #

# This function edited by D. EJIRI and T. SHIBUYA

# The Original syntax is written by T. SHIBAYAMA

# Oct. 10 2017 Debug by Ejiri. -> fg value

# Oct. 22 2017 Debug by Shibuya

# Nov. 10 2017 Edit by Ejiri to output result for CSV file

# Feb. 21 2018 Modified by Shibuya to estimate MAP and set MAP estimator as the
Max density for the Rejection sampling

# MAP estimate iterration algorithm is basd on Newton Raphthon and
bisection method.

# Apr. 3 2018 Modified by Shibuya to use apply familly and acceleration
estimating MAP and EAP

# Apr. 5 2018 Edited by Shibuya. Add function to estimate standard error of
imputation

# #

#_

#xal |l :dichotomously item response data. It has ID in first column, group number in
second column

#ipara:item parameter data. It has discrimination parameter in first column
difficulty parameter in second column

#nofrands:the number of plausible values

#egh: Nodes and weights for the Gauss-Hermite formula, csv file. It has nodes in
second column and weihts in third column

#_

message ("HEEEDFTEZFIROET, )
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message ("T—RF T vI")
ID <~ xal [, IDc]
if(Gc = 0) {
group <- rep(1, nrow(xall))
G <1
x.all <~ xal [, ITEMc:ncol (xall)]
lelsef
group <- xall[, Gc]
G <~ max (as. numeric (group))
x.all <~ xal [, ITEMc:ncol (xall)]
}
#remove a=0 item parameter and response column
message (“SBAIAH 0 DIEE ZHEIGRLET, )
a <- param[, 1]
x.all <~ x.all[, a!=0]
message (sum((a = 0)*1), “EDEBEAHIFRESNE LI, )

#set item parameter data

param <- param[param[, 1] =0, ]
a <- param[, 1]

b <- param[, 2]

# Number of Subjects”

n <~ nrow(xal )

# number of items

m <-length (a)

xscore <~ rowSums (x. al |, na. rm=T)

message (“ID LIEERIST—4, HEBHERRELFEL . )
message ("BE&H", 6)

message (", Z4&E&", n, " A, HEH  m "EATLEL")



#t Nodes and weights for the 5—point Gauss-Hermite formula #Htt

Integrate of f(x) * exp(-x"2) = Sum of f(x) * weight

ex. Integrate of exp(—x"2) = sqrt(pi) = 1.772454
Sum of weights = 1. 772454

H=H O H = H = =

# Xm <- seq(-4, 4, length. out=15) ;Wm <- dnorm(Xm, 0, 1) ;Wm <- Wm/sum Wm)
npoint <- nrow(gh)
xnodes <- gh$xi*sart (2)
weight <~ gh$wi/sart(pi) #caribration
message (npoint, “ERDT IR - TILI— MRIEED/ —F Loz A FEHAHFAAFEL

# #
#EAP parameter
# #

FthetaEAP <- function(xi, theta, w, a, b) {
theta <- as.matrix (theta, byrow=T)
xi <~ as.numeric (xi)
ptheta <~ function(theta, a, b) {
D <~ 1.702
1/ (1+exp (-D¥a* (theta—b)))
]
LL <~ function(u, theta, a, b) {
sum (ux|og (ptheta (theta, a, b)) + (1-u) *|og (1-ptheta (theta, a, b)), na.rm = T)

LLm <~ apply (theta, 1, LL, u=xi, a=a, b=b)
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Lm <- exp (LLm)

Gm <- Lmkw/sum (Lmw, na. rm = T)

const <~ sum(Lm#w, na.rm = T)

return (| ist (sum(theta*Gm, na. rm = T), const))

eap_apply <- apply(x.all, 1, FthetaEAP, a=a, b=b, theta=xnodes, w=weight)

message ("EAP & AR TDEEIET LEL = )

#iEatimate MAP

FthetaMAP <- function(xi, a, b, mu, sigma) {
#_
#5151=DT
fixall: IHERIGT—3
#alb: BT 74 )L, ah\ERIN, b HREEE
#nudsigma: BRINDFH LIEERE
#_

#P (theta) in two—parameter logisticmodel
ptheta <- function(theta, a, b) {

D <-1.702

1/ (1+exp (-Dxax (theta-b)))

#the first partial derivative
fpdLPD <- function(xi, theta, a, b, mu, sigma) {
D <-1.702
Dxsum(ax(xi — ptheta(theta, a, b)), na.rm = T) - (theta-mu)/sigma”2

#posterior information



pitheta <- function(theta, a, b, sigma) { lelse{

D <~ 1.702 if (pf4mf>0) {
D"2ksum (a”2xptheta (theta, a, b) * (1-ptheta (theta, a,b)), na.rm=T) + 1/sigma"2 p <~ ti
] ¢ <~ ot
lelse if (gf#mf>0) {
if(sum(xi, na.rm = TRUE) = 0) { q <~ tl
t0 <- log(0.5) ¢ <- ¢+l
lelse if (sum(xi, na.rm = TRUE) = length(a)) { }
10 <~ log (m-0.5) }
lelse{ }
t0 <~ log(sum(xi, na.rm = TRUE)/(length(xi)-sum(xi, na.rm = TRUE))) }
] }
c<-0 }
convl <~ 0 t1
whi le (conv1==0) { ]
t1 <- t0 + fpdLPD(xi, t0, a, b, mu, sigma) /pitheta (t0, a, b, sigma) map_apply <- apply(x.all, 1, FthetaMAP, a=a, b=b, mu=0, sigma=1)
if (abs (t1-t0)<0. 001) { message ("BENMDRAMEEEE WP ) OFEIETLEL )
convl <~ 1 # #
lelse{ # Max. Density of Posterior Distributions
10 <~ t1 # #
¢ <~c+l
if(c > 100) { Fmaxpdc <- function(xi, theta, a, b) {
conv2 <- 0 theta <~ as.matrix (theta)
p<-4;q< 4 Xi <- as.numeric(xi)
while(conv2 = 0) { ptheta <- function(theta, a, b){
pf <~ fpdLPD(xi, p, a, b, mu, sigma) D <-1.702
gf <~ fpdLPD(xi, q, a, b, mu, sigma) 1/ (1+exp (-Dkax (theta—b)))
t1 <= (pra) /2 }
mf <- fpdLPD (xi, t1, a, b, mu, sigma) LL <~ function(u, theta, a,b) {
if (abs (p-a)<0.001) { sum (uxlog (ptheta (theta, a, b))+ (1-u) *log (1-ptheta(theta, a, b)), na.rm = T)
conv2 <- 1 }
convl <~ 1
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LLm <- apply (theta, 1, LL, u=xi, a=a, b=b)

exp (LLm) zmin <~ -4.75 + as. numeric (eap_apply[[k1][1])
] zmax <- 4.75 + as. numeric (eap_apply[[k]11[1])
nofpv <= 0
# # times_sub <- 0
# Rejection Samling starts here. while ( nofpv <= nofrands ) {
# #
pv <- matrix (0, n, nofrands) y <~ runif( 1, 0, yheight)
result <- matrix(,n, 3) z <= runif( 1, zmin, zmax)
eap_m <- as.numeric() times_sub <- times_sub +1
const <~ as.numeric() fg <~ apply(xi, 1, Ffg, theta=z, a=a, b=b)
times <- 0 fgvalue <- fg/as. numeric (eap_apply[[k]1]1[2])
#tthe function for “fg” if(y <= fgvalue) {
Ffg <- function(xi, theta, a, b) {exp (sum(xi*xlog( 1/ (1+exp (-1. T*a* (theta-b)))) nofpv <~ nofpv + 1
+ (1-xi)*log (1- (1/ (1+exp (-1. Txa* (theta- if ( nofpv > nofrands) break
b))))) pv[k, nofpv] <- z
. na. rm=T) ) *dnorm (theta) } )

message ("I A/ A X VEEBRICH EDWTHEEDS VALYV T VT EFRIRLET,

) if (times=100) {
message (k, “ A B OZHAEEDHEBEOFEANIET LEL. )
for(k in 1:n){ times <- 0
#  spbar (k/n) }
xi <~ x.alllk,]
times <- times + 1 }

IRERHDOHEEDI C L ITRO-EFMEIEEETE
yheight <- Fmaxpdc (xi, map_apply[k], a, b)*1. 001

pvG <- data. frame (group, pv)
eap_m <- rbind (eap_m, as. numeric (eap_apply[[k11[11)) group_mean <- matrix (0, G, nofrands)
const <- rbind(const, as. numeric (eap_apply[[k11[2])) group_var <- matrix (0, G, nofrands)
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group_sd <- matrix (0, G, nofrands)

for (i in 1:6){
group_pv <- pvG %% dplyr::filter (group=i) % dplyr::select (-group)
group_mean[i,] <- apply (group_pv, 2, mean)
group_var [i,] <- apply (group_pv, 2, var)
group_sd[i, ] <~ apply(group_pv, 2, sd)

MM <- apply (group_mean, 1, mean)
M.V <- apply(group_var, 1, mean)
M_SD <- apply (group_sd, 1, mean)
PS <~ data. frame (group=c (1:G), mean=M_M, variance=M_V, sd=M_SD)

message ("BEEC L ITHEEEIAHEEFTELEL )

#little & Rubin. (2002). =& {#ZERINER
#V_IMP=(1+1/K) [1/ (K-1) sigma_i [ (M_PVs-MM_PVs) "2]11+1/K sigma_i [VM_PV_i)]

MI_SE <- function(M) {#fvar ) is the function for unbias variance

K <- length (W)
(K+1) /Kxvar (M) + (K-1) /Kxvar (M)

SE_M <- apply (group_mean, 1, MI_SE)
SE_V <~ apply (group_var, 1, MI_SE)
SE_SD <- apply (group_sd, 1, MI_SE)
SE <~ data. frame (group=c (1:G), mean=SE_M, variance=SE_V, sd=SE_SD)

message (" BREHC L I THEEEAMETEOEEREFEE LE L, )
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HHEEIBEDTH Right & Wrong)
pvmeans <- pvmeans_w <- apply (pv, 1, mean)
pvmeans_r <- apply (pv, 2, mean)

#result

result <-
data. frame (ID=ID, GROUP=group, SCORE=xscore, EAP=eap_m, MAP=map_app |y, PVmeans_W-pvmeans_w
, PV=pv, AREAS=const)
plausible_values <-data. frame (ID=ID, Group=group, PV=pv)
i f (output==T) {
write. csv(result, paste0 (file, “_result. csv”), quote=F, row. names = F)
write. csv(plausible_values, pasteQ (file, “_PVs. csv”), quote=F, row. names = F)
write. csv (PS, pasteO (file, “_PVS population statistics. csv”), quote=F, row. names = F)
write. csv (SE, paste0 (file, “_PVS standard error.csv”), quote=F, row. names = F)
}
pv <~ data. frame (ID=ID, group=group, SCORE=xscore, EAP=eap_m, MAP=map_app |y, PV=pv)
return (pv)
message ("HEEBOHEENTET LELT)



