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ROC curve

1-Specificity (i.e. % of true negatives incorrectly declared positive)
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NOTE:	In	simulation	studies,	we	have	found	that	each	of	these	classifiers	performs	better	
than	the	others	when	the	data	were	simulated	under	the	given	model	assumptions.		
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¥! Overall error rate = (18+5)/1000 = 2.3% 

¥! NOTE: The prediction value is often calculated through 
leave-one-out cross-validation in logistic regression. 
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ROC from logistic regression classifier

False positive rate
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ROC from logistic regression classifier

False positive rate
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ROC curve with 95% CIs
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ROC curve with 95% Bootstrapped CIs
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##########################################
## 1a) Manually scripting the ROC curve:##
##########################################

## Ô NotRetained Õ is the 0-1 response variable.
## Ô preds Õ are the leave-one-out predicted probabilities.

## Use 0.5 as the cutoff for classifying:
pred.outcome =round( preds )

## Gather the data for the ROC curve:
ROC.info.LogReg =data.frame ( NotRetained,preds,pred.outcome )
## Put in order by predicted probability, largest first:
ROC.info.LogReg =ROC.info.LogReg [rev(order( ROC.info.LogReg$preds )),]

## A 'positive' will be considered as someone who was not retained.
( num.true.pos =sum( NotRetained ==1))
( num.true.neg =sum( NotRetained ==0))
plot(c(0,1),c(0,1),type="n", xlab ="1-Specificity (i.e. % of true neg's  
incorrectly declared positive)", ylab ="Sensitivity (% of true pos's  
declared positive)",main="ROC curve (logistic regression)",sub="False 
Positive Rate")
x=cumsum(1-ROC.info.LogReg$NotRetained)/ num.true.neg
y=cumsum( ROC.info.LogReg$NotRetained )/ num.true.pos
lines( x,y )
abline (0,1)



##################################
## 1b) Manually calculating AUC:##
##################################

## Calculate AUC thinking as geometric trapezoid shapes:
#http:// stats.stackexchange.com /questions/145566/how-to-calculate-area-
under-the-curve-auc-or-the-c-statistic-by-hand

## Same x,y  labeling as previous slide:
x=cumsum(1-ROC.info.LogReg$NotRetained)/ num.true.neg
y=cumsum( ROC.info.LogReg$NotRetained )/ num.true.pos

height = (y[-1]+y[-n])/2
width = diff(x) 
sum(height*width)



########################################################
## 1c) Manually calculating sensitivity, specificity, ## 
##     misclassification rate for 0.5 threshold:      ##
########################################################

## All the needed info is in the following table:
t able ( NotRetained,pred.outcome )
   
#       0    1
#  0 4762   37
#  1  818   41



##############################################
## 2) ROCR package for creating ROC curve:  ##
##############################################
library(ROCR)

pred =prediction( preds,NotRetained )

perf =performance( pred ," tpr "," fpr ")

plot( perf,main ="ROC from logistic regression classifier")

(AUC.ROCR=performance( pred ," auc ")@y.values [[1]])

## Plot accuracy (1-misclassification rate) vs. cutoff:
acc  = performance( pred , " acc ")
( ac.val  = max( unlist ( acc@y.values )))
#[1] 0.8511842

th  = unlist ( acc@x.values )[ unlist ( acc@y.values ) == ac.val ]

plot( acc )
abline (v= th , col='grey', lty =2)
th
#[1] 0.462324



##############################################
## 3) pROC package for bootstrapped ROC:    ##
##############################################
library( pROC)

## Ô NotRetained Õ is the 0-1 response variable.
## Ô preds Õ are the leave-one-out predicted probabilities.

## Use 0.5 as the cutoff for classifying:
pred.outcome =round( preds )

rocobj =plot.roc ( NotRetained , preds ,  main="ROC curve with 95% CIs", 
percent=TRUE,  ci=TRUE, print.auc =TRUE)

## Calculate CI of sensitivity at select set of 
## specificities and form a 'band' (might take a bit):  
ciobj =ci.se ( rocobj,specificities =seq (0, 100, 5)) 
plot( ciobj , type="shape", col="#1c61b6AA") # blue band

## Use bootstrap to add CI in both directions at "best" cutoff:  
plot(ci( rocobj , of="thresholds", thresholds="best"),col="yellow", lwd =2)



## Overlay Bootstrapped ROC's:
rocobj =plot.roc ( NotRetained , preds ,  main="ROC curve with 95% 
Bootstrapped CIs", percent=TRUE,  ci=TRUE,  print.auc =FALSE) 

ciobj =ci.se ( rocobj,specificities =seq (0, 100, 5)) 
plot( ciobj , type="shape", col="#ff000030") # semi-transparent red color

## Gather info on second classifier:
ROC.info.LogReg.2= data.frame (NotRetained,preds.2,pred.outcome.2)

## Overlay the second ROC curve onto the first:
rocobj2= plot.roc (ROC.info.LogReg.2$NotRetained, ROC.info.LogReg.2$preds.
2, percent=TRUE,  ci=TRUE,  print.auc =FALSE, add=TRUE) 

ciobj2= ci.se (rocobj2,specificities= seq (0, 100, 5)) 
plot(ciobj2, type="shape", col="#0000ff20") # semi-transparent blue color
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