


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


##############################################################################
############## SET SIMULATION CONDITIONS #####################################
##############################################################################


### Set number of simulees and items
Num_Sim <- 1500
Num_Items <- 300

### Set min, max and interval for test length conditions
min_length <- 210
max_length <- 300
interval <- 30

### Set theta mean/sd
Theta_mean <- 1.6
Theta_sd <- 0.5

### Set item difficulty mean/sd
Rasch_mean <- 0.4
Rasch_sd <- 0.8

### Set scale score mean/sd and passing score
scale_mean <- 50
scale_sd <- 10
scale_cut <- 41

### Set number of replications
reps <- 250

### Install packages, if needed, by removing the # in the two lines below
#install.packages(“reshape”)
#install.packages(“irtoys”)

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

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

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

### Generate True Thetas with number of simulees and mean/sd as specificed above
Simulees <- data.frame("Theta" = rnorm(n=Num_Sim, mean=Theta_mean, sd=Theta_sd))

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


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


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

### Begin looping for each replication with number of replications as specified above
REP <- vector("list", reps)
for (r in 1:reps) {

### Simulate Rasch item difficulties with number of items and mean/sd as specificed above
Item_Parameters <- data.frame("Difficulty" = rnorm(n=Num_Items, mean=Rasch_mean, sd=Rasch_sd))

### Create item ID variable
Item_Parameters$Item_ID <- seq (1 : Num_Items)

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

### Compute probability of correct response using Rasch model, rounded to 5 decimals
data$Model <- round(1/(1 + exp(data$Difficulty - 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)])

### Create matrix of item parameters
Diffs <- aggregate(data$Difficulty, list(data$Item_ID), max)
a_parm <- rep.int(1, nrow(Item_Parameters))
c_parm <- rep.int(0, nrow(Item_Parameters))
DIFF <- as.matrix(data.frame(a_parm, Diffs$x, c_parm))


### Set loop for test length
for (j in seq(min_length,max_length,interval)) {

### Estimate simulee theta
est <- data.frame(mlebme(resp_data[ ,1:j], DIFF[1:j, ], method = "ML"))
est$ID <- seq (1 : Num_Sim)

### save replication results for each condition
infile <- paste("rep",r,"n",j,".csv",sep="")
write.csv( est, file=infile) 

}
}

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


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


### Create container object to store the data as you loop through each condition and replication
REP <- vector("list", reps)
Length <- vector("list", length(seq(min_length,max_length,interval)))

### Read in all result files by looping through each condition and replication
for (r in 1:reps) {
for (j in seq(min_length,max_length,interval)) {
infile <- paste("rep",r,"n",j,".csv",sep="")
Length[[j]] <- data.frame(read.csv(infile),"Rep"=r) 
}
REP[[r]] <- data.frame(do.call("rbind",Length))
}

### Combine all data
Reps_Combined <- data.frame(do.call("rbind",REP))

### Match estimated thetas with true thetas
merge_data <- merge(Simulees, Reps_Combined, by.x="ID", by.y="ID")

### Convert Thetas to reported score scale
merge_data$scale_true <- round((((merge_data$Theta - Theta_mean)/Theta_sd)*scale_sd)+scale_mean)
merge_data$scale_est <- round((((merge_data$est - Theta_mean)/Theta_sd)*scale_sd)+scale_mean)

### Calculate outcome for each estimated theta
merge_data$outcome[((merge_data$scale_true >= scale_cut) & (merge_data$scale_est >= scale_cut))] = "TP"
merge_data$outcome[((merge_data$scale_true < scale_cut) & (merge_data$scale_est < scale_cut))] = "TF"
merge_data$outcome[((merge_data$scale_true < scale_cut) & (merge_data$scale_est >= scale_cut))] = "FP"
merge_data$outcome[((merge_data$scale_true >= scale_cut) & (merge_data$scale_est < scale_cut))] = "FF"

### Sort the data and show results for first few rows
merge_data <- merge_data[order(merge_data$ID, merge_data$n, merge_data$Rep),]
head(merge_data,20)

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


############################################################################
############ SUMMARIZE CLASSIFICATION RESULTS ##############################
############################################################################

### Read in simulation results file
merge_data <- data.frame(read.csv("Sim_Results.csv"))

### Calculate classification rates by test length condition and replication
class <- data.frame(xtabs(~outcome+Rep+n, merge_data))

### Convert test length variable to a string
class$n <- as.character(class$n)

### Restructure classification data
flip_class <- cast(class, Rep+n ~ outcome, value='Freq')
head(flip_class)

### Calculate average number of false passers and false failers across replications for all test length conditions 
FP_m <- aggregate(FP~n,flip_class, mean)
names(FP_m)[2] = 'Mean'
FP_m$Type <- "FP"
FF_m <- aggregate(FF~n,flip_class, mean)
names(FF_m)[2] = 'Mean'
FF_m$Type <- "FF"
misclass_m <- rbind(FP_m, FF_m)

### Calculate false pass and false fail rates
misclass_m$Rate <- (misclass_m$Mean/Num_Sim)*100

### Calculate SD of misclassifications across replications and calculate Std. Err of Mean 
FP_s <- aggregate(FP~n,flip_class, sd)
names(FP_s)[2] = 'SD'
FP_s$SE <- FP_s$SD/(reps**.5)
FP_s$Type <- "FP"
FF_s <- aggregate(FF~n,flip_class, sd)
names(FF_s)[2] = 'SD'
FF_s$SE <- FF_s$SD/(reps**.5)
FF_s$Type <- "FF"
misclass_s <- rbind(FP_s, FF_s)

### Combine and show misclassification results
misclass_results <- merge(misclass_m, misclass_s, by.x=c("Type","n"), by.y=c("Type","n"))
misclass_results

################################################
######### CLASSIFICATION PLOT ##################
################################################

### Recode classification outcomes into 1/0
merge_data$outcome2[merge_data$outcome == "FF"] = 1
merge_data$outcome2[merge_data$outcome == "FP"] = 1
merge_data$outcome2[merge_data$outcome == "TP"] = 0
merge_data$outcome2[merge_data$outcome == "TF"] = 0

### Count the number of false outcomes for a given true score and test length condition across replications
false_outcomes <- aggregate(outcome2~scale_true+n,merge_data, sum)
colnames(false_outcomes) <- c( 'Scale', 'n','count')

### Count the total number of outcomes for a given true score and test length condition across replications
total_outcomes <- aggregate(outcome2~scale_true+n,merge_data, length)
colnames(total_outcomes) <- c( 'Scale', 'n','total')

### Combine and calculate the proportion of outcomes that were misclassified for a given true score and test length condition 
prob <- merge(false_outcomes, total_outcomes, by.x=c("Scale", "n"), by.y=c("Scale", "n"))
prob$freq <- prob$count/prob$total
head(prob,10)


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

### Set plot margins
par(mar = c(5,5,1,3))

### Plot misclassification probabilities with custom axes and annotations
plot(prob$Scale,prob$freq,type="n",axes=F,
	ylim = c(0,.5), xlim = c(30,50),
	xlab = "True Scale Score", ylab = "Probability of Misclassification", 
	cex.lab=1.5)
points(subset(prob, n=="210")$Scale,subset(prob, n=="210")$freq, col="orange", pch=18, cex=1.3) 
points(subset(prob, n=="240")$Scale,subset(prob, n=="240")$freq, col="royalblue1", pch=17, cex=1.3) 
points(subset(prob, n=="270")$Scale,subset(prob, n=="270")$freq, col="forestgreen", pch=16, cex=1.3) 
points(subset(prob, n=="300")$Scale,subset(prob, n=="300")$freq, col="firebrick2", pch=15, cex=1.3) 

arrows(41, .45, 41, -0.01, lwd=4)

axis(side = 1, at=seq(30,50,by=1), labels=F, cex.axis=1.5)
axis(side = 1, at=seq(30,50,by=2), cex.axis=1.5)
axis(side = 2, at=seq(0, .5, by=.1),cex.axis=1.5, las=2)

text(x=39, y =.1, paste("False Fail","\n","Region"),cex=1.3)
text(x=43, y =.04, paste("False Pass","\n","Region"),cex=1.3)
text(x=41, y =.47, "Passing Score",cex=1.3)

legend(30,.47,c(expression(~italic("k")~" = 210"), expression(~italic("k")~" = 240"), 
expression(~italic("k")~" = 270"), expression(~italic("k")~" = 300")), cex=1.3, pch=c(18,17,16,15),	
	col=c("orange","royalblue1","forestgreen","firebrick2"),bty='n', title="Test Length Conditions:")	

### Save plot 
dev.off()



############################################################################
############ SUMMARIZE BIAS, SE, AND RMSE ##################################
############################################################################



### Calculate Bias, SE, and RMSE around each simulees true score
merge_data$deviance <- merge_data$scale_est - merge_data$scale_true
Bias <- aggregate(deviance~n+ID+scale_true, merge_data, sum)
Bias$bias <- Bias$deviance/(reps)
summary(Bias$bias)

SE <- aggregate(scale_est~ID+n+scale_true, merge_data, sd)
names(SE)[4] = 'SE'
summary(SE$SE)

merge_data$deviance_sq <- merge_data$deviance**2
RMSE <- aggregate(deviance_sq~n+ID+scale_true, merge_data, sum)
RMSE$RMSE<- sqrt(RMSE$deviance_sq/(reps - 1))
summary(RMSE$RMSE)


### Run ANOVA's with Test Length as a factor variable to test for main effects
data_ANOVA = data.frame(bias = Bias$bias, 
	group = factor(Bias$n))
ANOVA <- aov(bias ~ group, data=data_ANOVA)
summary(ANOVA)

data_ANOVA = data.frame(se = SE$SE, 
	group = factor(SE$n))
ANOVA <- aov(se ~ group, data=data_ANOVA)
summary(ANOVA)

data_ANOVA = data.frame(rmse = RMSE$RMSE, 
	group = factor(RMSE$n))
ANOVA <- aov(rmse ~ group, data=data_ANOVA)
summary(ANOVA)



################################################
################## SE PLOT #####################
################################################

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

### Set plot margins
par(mar = c(5,5,1,3))

### Plot SE across score scale with custom axes and annotations
plot(SE$scale_true,SE$SE, axes=F,
	type="n", xlim = c(20,80), ylim = c(2,6),
	xlab = "True Scale Score", ylab = "Standard Error", cex.lab=1.5)

lines(loess.smooth(subset(SE, n=="210")$scale_true,subset(SE, n=="210")$SE, 
	degree = 2), lwd = 3, col="orange",lty=4)
lines(loess.smooth(subset(SE, n=="240")$scale_true,subset(SE, n=="240")$SE, 
	degree = 2), lwd = 3, col="royalblue1",lty=3)
lines(loess.smooth(subset(SE, n=="270")$scale_true,subset(SE, n=="270")$SE, 
	degree = 2), lwd = 3, col="forestgreen",lty=2)
lines(loess.smooth(subset(SE, n=="300")$scale_true,subset(SE, n=="300")$SE, 
	degree = 2), lwd = 3, col="firebrick2",lty=1)

axis(side = 1, at=seq(20,80,by=1), labels=F, cex.axis=1.5)
axis(side = 1, at=seq(20,80,by=5), cex.axis=1.5)
axis(side = 2, at=seq(2, 6, by=.5),labels=F,cex.axis=1.5)
axis(side = 2, at=seq(2, 6, by=1),cex.axis=1.5, las=2)
axis(side = 4, at=seq(2, 6, by=.5),labels=F,cex.axis=1.5)
axis(side = 4, at=seq(2, 6, by=1),cex.axis=1.5, las=2)

arrows(scale_cut, 5.3, scale_cut, 1.9, lwd=3)
arrows(quantile(SE$scale_true, .50), 5.3, quantile(SE$scale_true, .50), 1.9, lwd=3)
arrows(quantile(SE$scale_true, .05), 5.3, quantile(SE$scale_true, .05), 1.9, lwd=3)
arrows(quantile(SE$scale_true, .95), 5.3, quantile(SE$scale_true, .95), 1.9, lwd=3)

text(x=scale_cut, y = 5.5, "Passing Score",cex=1.3)
text(x=quantile(SE$scale_true, .50), y = 5.5, "P=50th",cex=1.3)
text(x=quantile(SE$scale_true, .05), y = 5.5, "P=5th",cex=1.3)
text(x=quantile(SE$scale_true, .95), y = 5.5, "P=95th",cex=1.3)

text(x=75, y = 5.1, expression(~bold(~italic("k")~" = 210")), cex=1, srt=45)
text(x=75, y = 4.75, expression(~bold("240")), cex=1, srt=45)
text(x=75, y = 4.5, expression(~bold("270")), cex=1, srt=45)
text(x=75, y = 4.25, expression(~bold("300")), cex=1, srt=40)


### Save plot 
dev.off()

################################################
################### BIAS PLOT ##################
################################################

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

### Set plot margins
par(mar = c(5,5,1,3))

### Plot bias across score scale with custom axes and annotations
plot(Bias$scale_true,Bias$bias, axes=F,
	type="n", xlim = c(20,80), ylim = c(0,.5),
	xlab = "True Scale Score", ylab = "Bias", cex.lab=1.5)

lines(loess.smooth(subset(Bias, n=="210")$scale_true,subset(Bias, n=="210")$bias, 
	degree = 2), lwd = 3, col="orange",lty=4)
lines(loess.smooth(subset(Bias, n=="240")$scale_true,subset(Bias, n=="240")$bias, 
	degree = 2), lwd = 3, col="royalblue1",lty=3)
lines(loess.smooth(subset(Bias, n=="270")$scale_true,subset(Bias, n=="270")$bias, 
	degree = 2), lwd = 3, col="forestgreen",lty=2)
lines(loess.smooth(subset(Bias, n=="300")$scale_true,subset(Bias, n=="300")$bias, 
	degree = 2), lwd = 3, col="firebrick2",lty=1)

axis(side = 1, at=seq(20,80,by=1), labels=F, cex.axis=1.5)
axis(side = 1, at=seq(20,80,by=5), cex.axis=1.5)
axis(side = 2, at=seq(0, .5, by=.1),cex.axis=1.5, las=2)
axis(side = 4, at=seq(0, .5, by=.1),cex.axis=1.5, las=2)

arrows(scale_cut, .43, scale_cut, -.02, lwd=3)
arrows(quantile(SE$scale_true, .50), .43, quantile(SE$scale_true, .50), -.02, lwd=3)
arrows(quantile(SE$scale_true, .05), .43, quantile(SE$scale_true, .05), -.02, lwd=3)
arrows(quantile(SE$scale_true, .95), .43, quantile(SE$scale_true, .95), -.02, lwd=3)

text(x=scale_cut, y = .45, "Passing Score",cex=1.3)
text(x=quantile(SE$scale_true, .50), y = .45, "P=50th",cex=1.3)
text(x=quantile(SE$scale_true, .05), y = .45, "P=5th",cex=1.3)
text(x=quantile(SE$scale_true, .95), y = .45, "P=95th",cex=1.3)

text(x=75, y = .43, expression(~bold(~italic("k")~" = 210")), cex=1, srt=55)
text(x=75, y = .38, expression(~bold("240")), cex=1, srt=55)
text(x=75, y = .33, expression(~bold("270")), cex=1, srt=50)
text(x=75, y = .283, expression(~bold("300")), cex=1, srt=30)

### Save plot 
dev.off()


