

### Set directory for read/write of files
setwd('H:\\Research\\sim')

### Set simulee conditions
Num_Sim <- c(300,500,1000,2000)

### Set number of replications
reps <- 100

### Load reshape package for restructuring data
library(reshape)

### Load IRT Toys for IRT estimation
library(irtoys)

### Set seed so data and results are reproducible 
set.seed(5)

### Generate item parameters
Difficulty <- data.frame("b" = seq(-3,3,.2))
Discrimination <- data.frame("a" = rlnorm(n=length(Difficulty$b), mean=0, sd=.5))

### Combine item parameters into a single object
Item_Parameters <- data.frame(cbind(Difficulty$b,Discrimination$a))
colnames(Item_Parameters) <- c( 'Difficulty', 'Discrimination')

### Create item ID variable
Item_Parameters$Item_ID <- seq (1 : length(Difficulty$b))

##############################################################################
#########################BEGIN SIMULATION#################################
##############################################################################

### Set time stamp at beginning of simulation
ptm <- proc.time()

### Begin looping for each simulee condition
SIM <- vector("list", length(Num_Sim))
for (s in 1:length(Num_Sim)) {

### Begin looping for each replication
DIFF <- vector("list", reps)
for (r in 1:reps) {

### Generate simulees
Simulees <- data.frame("Theta" = rnorm(n=Num_Sim[s], mean=0, sd=1))

### Create simulee ID variable
Simulees$ID <- seq (1 : Num_Sim[s])

### Match simulees and items
data <- merge(Item_Parameters, Simulees)

### Compute probability of correct response using 2PL model, rounded to 5 decimals
data$Model <- round(1/(1 + exp(data$Discrimination*data$Difficulty - data$Discrimination*data$Theta)), 5)

### Generate random numbers from uniform distribution to determine item response correctness
data$Uniform <- runif(nrow(data), min=0, max=1)
 
### Compute 0/1 scored responses by comparing computed probability of correct response to random draw from uniform distribution
data$Score <- as.numeric(ifelse(data$Model > data$Uniform, yes="1", no="0"))

### Flip data file so each row is a simulee and each column is an item
flip_data <- cast(data, ID ~ Item_ID, value='Score')

### Exclude ID variable for IRT estimation
resp_data <- data.frame(flip_data[c(-1)])

### Estimate item paramters using the IRT toys built-in estimator
p.2pl <- est(resp_data, model="2PL", engine="ltm")
p.1pl <- est(resp_data, model="1PL", engine="ltm", "rasch"=T)

### Create objects for the true and estimated difficulty parameters
DIFF[[r]] <- data.frame("True" = Difficulty$b, "Est_2PL" = p.2pl$est[,2], 
	"Est_Rasch" = p.1pl$est[,2], "Rep" = r, "Sim" = Num_Sim[s])

}

### Combine across replications
DIFF_Combined <- data.frame(do.call("rbind",DIFF))

### 
SIM[[s]] <- DIFF_Combined

}


### Show time stamp
proc.time() - ptm

############################################################################
########################### END SIMULATION #################################
############################################################################

### Combine across simulee conditions
SIM_Combined <- data.frame(do.call("rbind",SIM))

### Save out a file of all simulated data to archive
write.csv( SIM_Combined, file= "Q5_Results.csv") 

SIM_Combined <- data.frame(read.csv("Q6_Results.csv"))

### Calculate 2PL RMSE by simulee condition
SIM_Combined$deviance_sq <- (SIM_Combined$Est_2PL - SIM_Combined$True)**2
SIM_RMSE_2PL <- aggregate(deviance_sq~True+Sim, SIM_Combined, sum)
SIM_RMSE_2PL$RMSE_2PL <- sqrt(SIM_RMSE_2PL$deviance_sq/(reps - 1))

### Calculate Rasch RMSE by simulee condition
SIM_Combined$deviance_sq <- (SIM_Combined$Est_Rasch - SIM_Combined$True)**2
SIM_RMSE_Rasch <- aggregate(deviance_sq~True+Sim, SIM_Combined, sum)
SIM_RMSE_Rasch$RMSE_Rasch <- sqrt(SIM_RMSE_Rasch$deviance_sq/(reps - 1))

### Combine RMSE from both models and compute the difference
Combined_RMSE <- merge(SIM_RMSE_2PL, SIM_RMSE_Rasch, by.x=c("True","Sim"), by.y=c("True","Sim"))
Combined_RMSE$diff <- Combined_RMSE$RMSE_Rasch - Combined_RMSE$RMSE_2PL

################################################
################ RMSE PLOT #####################
################################################

### Set container to create a PDF of plot
pdf("Q5_Plot.pdf",width=12,height=8)

### Plot difference RMSE between models with a  separate line for each sample size condition
par(mar = c(5,5,1,4))
plot(Combined_RMSE$True,Combined_RMSE$diff, axes=F,
	type="n", xlim = c(-3,3), ylim = c(-.8,.8),
	xlab = expression(~italic("b")~" Parameters"), ylab = "Difference in RMSE", cex.lab=1.5, main=NULL)
lines(loess.smooth(subset(Combined_RMSE, Sim==300)$True,subset(Combined_RMSE, Sim==300)$diff, degree = 2), lwd = 4, col="firebrick2",lty=1)
lines(loess.smooth(subset(Combined_RMSE, Sim==500)$True,subset(Combined_RMSE, Sim==500)$diff, degree = 2), lwd = 4, col="royalblue1",lty=2)
lines(loess.smooth(subset(Combined_RMSE, Sim==1000)$True,subset(Combined_RMSE, Sim==1000)$diff, degree = 2), lwd = 4, col="forestgreen",lty=3)
lines(loess.smooth(subset(Combined_RMSE, Sim==2000)$True,subset(Combined_RMSE, Sim==2000)$diff, degree = 2), lwd = 4, col="orange",lty=4)

axis(side = 1, at=seq(-3,3,by=1), cex.axis=1.3)
axis(side = 2, at=seq(-.8, .8, by=.2),cex.axis=1.3, las=2)
axis(side = 4, at=seq(-.8, .8, by=.2),cex.axis=1.3, las=2)

segments(-4, 0, 4, 0, lwd=5)

text(x=2.6, y = .41, expression(~bold(~italic("n")~" = 2000")), cex=1, srt=-15)
text(x=2.6, y = .26, expression(~bold("1000")), cex=1, srt=-20)
text(x=2.6, y = .14, expression(~bold("500")), cex=1, srt=-30)
text(x=2.6, y = -.17, expression(~bold("300")), cex=1, srt=-45)

text(x=0, y = .4, "2PL RMSE < Rasch RMSE",cex=1.3)
text(x=0, y = -.4, "Rasch RMSE < 2PL RMSE",cex=1.3)

### Save plot 
dev.off()


