

	
	M1 predicts 1
	M1 predicts 0

	M2 predicts 1
	n11

	n10

	M2 predicts 0
	n01

	n00


Table 1: Contingency table for two classifiers


Table 2 Diversity metrics of eight different prediction matrixes (ensembles)
	
	Entropy measure
	Disagreement Measure (Q statistic)
	Kohavi-Wolpert measure
	Interrater agreement measure (Kappa)

	nnet, gbm
	0.903
	0.451

	0.113

	-0.028


	nb, gbm
	0.892
	0.446

	0.111

	-0.032


	svm, gbm
	0.881

	0.440

	0.110

	-0.082

	knn, adaboost
	0.822

	0.411

	0.103

	-0.043


	rf, xgb
	0.799

	0.399

	0.099

	0.140


	nb,
rpart,
adaboost,
gbm
	0.640

	0.395

	0.148


	0.100


	C5.0,nb,gbm
	0.634

	0.422

	0.141

	0.049


	nnet, rf, rpart, gbm, xgb, treebag

	0.722
	0.469
	0.195
	-0.029









Table 3 Accuracy results obtained by various combinations of classifiers through five different meta-learners
	stack using the Linear Discriminant Analysis
meta-learner
(95% CI)
	stack using the Neural Network
meta-learner
(95% CI)
	stack using the Gradient Boosting Machine
meta-learner
(95% CI)
	stack using random forest
meta-learner
(95% CI)
	stack using Generalized Linear Model
meta-learner
(95% CI)
	  Accuracy of the best classifier from the ensemble
(95% CI)
	

	0.8262
(0.8056, 0.8455)

	0.823
(0.803, 0.843)

	0.826
(0.806, 0.845)

	0.809
(0.788, 0.829)

	0.803
 (0.782, 0.823)
	gbm: 0.825
(0.804, 0.844)
	Stacking nnet, gbm
 

	0.8297
(0.8092, 0.8488)

	0.832
(0.812, 0.851)

	0.833
(0.813, 0.852)

	0.8144
(0.7933, 0.8342)

	[bookmark: _Hlk172625712]0.836
(0.816, 0.855)

	gbm: 0.825
(0.804, 0.844)
	Stacking nb, gbm
 

	0.8653
(0.8465, 0.8826)

	0.877
(0.859, 0.894)

	0.883
(0.865, 0.899)

	0.765
(0.742, 0.786)

	0.865
(0.846, 0.883)

	Svm:
0.8332 
(0.813, 
0.852)

	Stacking svm, gbm


	0.8479
(0.8282, 0.8661)

	0.840
(0.820, 0.859)

	0.876
(0.858, 0.893)

	0.852
(0.833, 0.870)

	0.848
(0.828, 0.866)
	Adaboost: 
0.902
(0.885, 0.916)
	Stacking knn, adaboost


	0.8946
(0.8776, 0.9101)

	0.914
(0.898, 0.928)

	0.652
(0.626, 0.676)

	0.878
(0.860, 0.894)

	0.897
(0.880, 0.913)

	RF : 0.892
(0.875, 0.907)
	Stacking rf, xgb


	0.8981
(0.8813, 0.9133)

	0.904
(0.898, 0.918)

	0.903
(0.886, 0.918)

	0.909
(0.892, 0.923)

	0.895
(0.878, 0.912)
	RF : 0.892
(0.875, 0.907)
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0.836
(0.8158, 0.8548)

	
0.844
(0.823, 0.863)

	
0.886
(0.868, 0.901)

	
0.883
(0.866, 0.899)

	
0.838
(0.818, 0.857)

	
Adaboost: 
0.902
(0.885, 0.916)
	
Stacking nb,rpart, gbm, adaboost

	0.886
(0.868, 0.901)

	0.908
(0.891, 0.922)

	0.911
(0.895, 0.926)

	0.897
(0.880, 0.912)

	0.888
(0.871, 0.904)
	C5.0:
0.890
(0.872, 0.905)
	Stacking nb, C5.0, gbm







Table 4 The results of significance Tests for the difference between the base and stacking Models
	
	Wilcoxon test
	McNemar's test
(df = 1)
	Roc test 
(boot.n = 2000, boot.stratified = 1)

	For gbm vs Stacking nnet, gbm
using the GBM meta-learner

	V = 2172, 
p-value = 0.225

	McNemar's chi-squared = 0.304, 
p-value = 0.5808

	D = -1.043,
p-value = 0.297

	For gbm vs Stacking nb, gbm
using GLM
meta-learner

	V = 994, 
p-value = 1.422e-07

	McNemar's chi-squared = 3.809, p-value = 0.05096

	D = 0.708, 
p-value = 0.478

	For svm vs Stacking svm, gbm
using the GBM meta-learner

	V = 3509, 
p-value = 0.0007

	McNemar's chi-squared = 58.21, p-value = 2.361e-14

	D = -0.816, 
p-value = 0.414



	For Adaboost vs Stacking knn, adaboost
using the GBM meta-learner

	V = 5049, 
p-value < 2.2e-16

	McNemar's chi-squared = 3.822, p-value = 0.0505

	D = -7.768, 
p-value = 7.952e-15


	For RF vs Stacking rf, xgb
using the Neural Network meta-learner

	V = 5019, 
p-value < 2.2e-16
	McNemar's chi-squared = 10.75, 
p-value = 0.0010
	D = -0.446, 
p-value = 0.6552


	For RF vs Stacking rf, rpart, nnet, gbm, xgb, treebag  using Random Forest
meta-learner

	V = 515, 
p-value = 4.87e-12

	McNemar's chi-squared = 12.41, 
p-value = 0.0004

	D = 0.384, 
p-value = 0.7007


	For Adaboost vs Stacking nb,rpart, gbm, adaboost
using the GBM meta-learner

	V = 5043, 
p-value < 2.2e-16

	McNemar's chi-squared = 3.431, p-value = 0.063

	D = -8.167, 
p-value = 3.161e-16

	For C5.0
vs Stacking nb, C5.0, gbm
using the GBM meta-learner
	V = 4922, 
p-value < 2.2e-16

	McNemar's chi-squared = 21.00, p-value = 4.581e-06
	D = -0.371, 
p-value = 0.71






Table 5 Selected Models Performance Evaluation
	[bookmark: _Hlk173827512]
	Accuracy
(95% CI)
	Kappa

	Sensitivity

	Specificity

	Precision

	F1

	MCC
	ROC

	Stacking nb, gbm
using GLM
meta-learner

	0.838
(0.818, 
0.856)
	0.5772

	0.793

	0.851

	0.599 

	0.683 

	0.587

	0.885


	Stacking svm, gbm
using the GBM meta-learner

	0.872
(0.853, 
0.888)
	0.625

	0.705 

	0.919

	0.709

	0.707

	0.624
	0.893

	Stacking rf, xgb
using the Neural Network meta-learner

	0.914
(0.898, 
0.928)
	0.746

	0.784

	0.951

	0.818

	0.801

	0.746

	0.955


	Stacking rf, rpart, nnet, gbm, xgb, treebag  using Random Forest
meta-learner

	0.909
(0.892, 
0.923)

	0.728

	0.765

	0.949

	0.809

	0.786

	0.728

	0.949

	Stacking nb, C5.0, gbm
using the GBM meta-learner
	0.911
(0.895, 
0.926)

	0.733

	0.756

	0.955

	0.826

	0.789

	0.734

	0.944
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Table 6 statistical analysis between stacking of Random Forest (RF) and XGBoost (XGB) utilizing the Neural Network (NN) meta-learner and other stacking models
	
	Wilcoxon test
	McNemar's test
(df = 1)
	Roc test 


	stack.glm.gbm.nb
and stack.nnet.rf.xgb
	V = 0, 
p-value < 2.2e-16

	McNemar's chi-squared = 58.27,  p-value = 2.276e-14

	Z = -6.354, 
p-value = 2.099e-1


	stack.gbm.svm.gbm
and stack.nnet.rf.xgb
	V = 8, 
p-value < 2.2e-16

	McNemar's chi-squared = 0.523, 
 p-value = 0.469

	Z = -6.036, 
p-value = 1.578e-0


	stack.gbm.knn.adaboost
and stack.nnet.rf.xgb
	V = 383, 
p-value = 1.796e-1

	McNemar's chi-squared = 2.472,  
p-value = 0.115

	Z = -4.485, 
p-value = 7.286e-0


	stack.rf.rf.rpart.nnet.gbm.xgb.treebag
and stack.nnet.rf.xgb
	V = 505, 
p-value < 2.2e-16

	McNemar's chi-squared = 0.18, 
p-value = 0.671

	Z = -2.270, 
p-value = 0.0231


	stack.gbm.nb.C5.0.gbm
and stack.nnet.rf.xgb
	V = 272, 
p-value = 0.3782

	McNemar's chi-squared = 2.913, p-value = 0.08783

	Z = -3.066, 
p-value = 0.002





