Appendix A. Model Performance on Training Dataset
Abbreviations:
ANN: Artificial neural network
KNN: K-nearest neighbor
DT: Decision tree
RF: Random forest
GB: Gradient boosting
ET: Extra tree
AB: Adaptive boosting
CB: Category boosting

TABLE 1A Confusion matrices for the three-level IRI scale using the training dataset
	ANN
	
	KNN

	
	Poor
	Fair
	Good
	TPR
	TNR
	
	
	Poor
	Fair
	Good
	TPR
	TNR

	Poor
	4854
	190
	9
	96%
	32%
	
	Poor
	4741
	181
	131
	94%
	49%

	Fair
	520
	540
	10
	50%
	96%
	
	Fair
	366
	680
	24
	64%
	96%

	Good
	834
	69
	26
	3%
	100%
	
	Good
	651
	70
	208
	22%
	97%

	PPV
	78%
	68%
	58%
	 
	 
	
	PPV
	82%
	73%
	57%
	 
	 

	NPV
	76%
	92%
	87%
	 
	 
	
	NPV
	76%
	94%
	89%
	 
	 

	DT
	
	RF

	
	Poor
	Fair
	Good
	TPR
	TNR
	
	
	Poor
	Fair
	Good
	TPR
	TNR

	Poor
	4883
	170
	0
	97%
	24%
	
	Poor
	4898
	150
	5
	97%
	32%

	Fair
	670
	400
	0
	37%
	96%
	
	Fair
	523
	546
	1
	51%
	96%

	Good
	856
	73
	0
	0%
	100%
	
	Good
	833
	79
	17
	2%
	100%

	PPV
	76%
	62%
	nan
	 
	 
	
	PPV
	78%
	70%
	74%
	 
	 

	NPV
	74%
	90%
	87%
	 
	 
	
	NPV
	81%
	92%
	87%
	 
	 

	GB
	
	ET

	
	Poor
	Fair
	Good
	TPR
	TNR
	
	
	Poor
	Fair
	Good
	TPR
	TNR

	Poor
	4901
	140
	12
	97%
	38%
	
	Poor
	4758
	295
	0
	94%
	27%

	Fair
	454
	611
	5
	57%
	96%
	
	Fair
	614
	456
	0
	43%
	94%

	Good
	790
	79
	60
	6%
	100%
	
	Good
	847
	82
	0
	0%
	100%

	PPV
	80%
	74%
	78%
	 
	 
	
	PPV
	77%
	55%
	nan
	 
	 

	NPV
	83%
	93%
	88%
	 
	 
	
	NPV
	65%
	90%
	87%
	 
	 

	AB
	
	CB

	
	Poor
	Fair
	Good
	TPR
	TNR
	
	
	Poor
	Fair
	Good
	TPR
	TNR

	Poor
	4801
	230
	22
	95%
	28%
	
	Poor
	4926
	120
	7
	97%
	41%

	Fair
	613
	447
	10
	42%
	95%
	
	Fair
	417
	643
	10
	60%
	97%

	Good
	828
	83
	18
	2%
	99%
	
	Good
	761
	72
	96
	10%
	100%

	PPV
	77%
	59%
	36%
	 
	 
	
	PPV
	81%
	77%
	85%
	 
	 

	NPV
	69%
	90%
	87%
	 
	 
	
	NPV
	87%
	93%
	88%
	 
	 







TABLE 2A Classification reports for the three-level IRI scale using the training dataset
	ANN
	
	KNN

	Metrics
Category 

	precision
	recall
	f1-score
	
	Metrics
Category 
	precision
	recall
	f1-score

	Poor
	0.78
	0.96
	0.86
	
	Poor
	0.82
	0.94
	0.88

	Fair
	0.68
	0.5
	0.58
	
	Fair
	0.73
	0.64
	0.68

	Good
	0.58
	0.03
	0.05
	
	Good
	0.57
	0.22
	0.32

	DT
	
	RF

	Metrics
Category 
	precision
	recall
	f1-score
	
	Metrics
Category 
	precision
	recall
	f1-score

	Poor
	0.76
	0.97
	0.85
	
	Poor
	0.78
	0.97
	0.87

	Fair
	0.62
	0.37
	0.47
	
	Fair
	0.7
	0.51
	0.59

	Good
	0
	0
	0
	
	Good
	0.74
	0.02
	0.04

	GB
	
	ET

	Metrics
Category 
	precision
	recall
	f1-score
	
	Metrics
Category 
	precision
	recall
	f1-score

	Poor
	0.8
	0.97
	0.88
	
	Poor
	0.77
	0.94
	0.84

	Fair
	0.74
	0.57
	0.64
	
	Fair
	0.55
	0.43
	0.48

	Good
	0.78
	0.06
	0.12
	
	Good
	0
	0
	0

	AB
	
	CB

	Metrics
Category 
	precision
	recall
	f1-score
	
	Metrics
Category 
	precision
	recall
	f1-score

	Poor
	0.77
	0.95
	0.85
	
	Poor
	0.81
	0.97
	0.88

	Fair
	0.59
	0.42
	0.49
	
	Fair
	0.77
	0.6
	0.68

	Good
	0.36
	0.02
	0.04
	
	Good
	0.85
	0.1
	0.18
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TABLE 3A Confusion matrices for the five-level IRI scale using the training dataset
	
	ANN
	
	KNN

	
	Poor
	Mediocre
	Fair
	Good
	Very good
	TPR
	TNR
	
	Poor
	Mediocre
	Fair
	Good
	Very good
	TPR
	TNR

	Poor
	3815
	70
	128
	0
	9
	95%
	37%
	
	3634
	141
	161
	0
	86
	90%
	54%

	Mediocre
	739
	103
	182
	0
	7
	10%
	98%
	
	546
	260
	198
	0
	27
	25%
	96%

	Fair
	370
	48
	659
	0
	1
	61%
	93%
	
	215
	64
	787
	0
	12
	73%
	92%

	Good
	17
	0
	50
	4
	0
	6%
	100%
	
	14
	4
	53
	0
	0
	0%
	100%

	Very good
	771
	12
	51
	0
	16
	2%
	100%
	
	625
	24
	53
	0
	148
	17%
	98%

	PPV
	67%
	44%
	62%
	100%
	48%
	 
	 
	
	72%
	53%
	63%
	nan
	54%
	 
	 

	NPV
	85%
	86%
	93%
	99%
	88%
	 
	 
	
	81%
	88%
	95%
	99%
	90%
	 
	 

	
	DT
	
	RF

	
	Poor
	Mediocre
	Fair
	Good
	Very good
	TPR
	TNR
	
	Poor
	Mediocre
	Fair
	Good
	Very good
	TPR
	TNR

	Poor
	3819
	65
	120
	0
	18
	95%
	37%
	
	3916
	3
	103
	0
	0
	97%
	25%

	Mediocre
	733
	116
	174
	0
	8
	11%
	98%
	
	870
	7
	154
	0
	0
	1%
	100%

	Fair
	403
	48
	625
	0
	2
	58%
	94%
	
	548
	0
	530
	0
	0
	49%
	94%

	Good
	19
	0
	48
	4
	0
	6%
	100%
	
	24
	0
	47
	0
	0
	0%
	100%

	Very good
	761
	15
	40
	0
	34
	4%
	100%
	
	816
	0
	34
	0
	0
	0%
	100%

	PPV
	67%
	48%
	62%
	100%
	55%
	 
	 
	
	63%
	70%
	61%
	nan
	nan
	 
	 

	NPV
	85%
	87%
	93%
	99%
	88%
	 
	 
	
	88%
	85%
	91%
	99%
	88%
	 
	 

	
	GB 
	
	ET

	
	Poor
	Mediocre
	Fair
	Good
	Very good
	TPR
	TNR
	
	Poor
	Mediocre
	Fair
	Good
	Very good
	TPR
	TNR

	Poor
	3825
	61
	118
	0
	18
	95%
	36%
	
	3873
	29
	116
	0
	4
	96%
	35%

	Mediocre
	750
	128
	143
	0
	10
	12%
	98%
	
	773
	81
	175
	0
	2
	8%
	99%

	Fair
	409
	59
	608
	0
	2
	56%
	94%
	
	384
	28
	665
	0
	1
	62%
	94%

	Good
	15
	2
	50
	4
	0
	6%
	100%
	
	13
	0
	54
	4
	0
	6%
	100%

	Very good
	772
	6
	40
	0
	32
	4%
	100%
	
	788
	3
	34
	0
	25
	3%
	100%

	PPV
	66%
	50%
	63%
	100%
	52%
	 
	 
	
	66%
	57%
	64%
	100%
	78%
	 
	 

	NPV
	85%
	87%
	92%
	99%
	88%
	 
	 
	
	88%
	86%
	93%
	99%
	88%
	 
	 

	
	AB
	
	CB

	
	Poor
	Mediocre
	Fair
	Good
	Very good
	TPR
	TNR
	
	Poor
	Mediocre
	Fair
	Good
	Very good
	TPR
	TNR

	Poor
	3822
	10
	187
	3
	0
	95%
	28%
	
	3854
	61
	85
	0
	22
	96%
	49%

	Mediocre
	812
	27
	192
	0
	0
	3%
	100%
	
	614
	253
	150
	0
	14
	25%
	98%

	Fair
	535
	9
	534
	0
	0
	50%
	92%
	
	246
	43
	779
	3
	7
	72%
	95%

	Good
	16
	0
	55
	0
	0
	0%
	100%
	
	10
	1
	49
	10
	1
	14%
	100%

	Very good
	812
	2
	36
	0
	0
	0%
	100%
	
	688
	14
	28
	0
	120
	14%
	99%

	PPV
	64%
	56%
	53%
	0%
	nan
	 
	 
	
	71%
	68%
	71%
	77%
	73%
	 
	 

	NPV
	81%
	86%
	91%
	99%
	88%
	 
	 
	
	90%
	88%
	95%
	99%
	89%
	 
	 




TABLE 4A Classification reports for the five-level IRI scale using the training dataset
	ANN
	
	KNN

	Metrics
Category 

	precision
	recall
	f1-score
	
	Metrics
Category 
	precision
	recall
	f1-score

	Poor
	0.67
	0.95
	0.78
	
	Poor
	0.72
	0.9
	0.8

	Mediocre
	0.44
	0.1
	0.16
	
	Mediocre
	0.53
	0.25
	0.34

	Fair
	0.62
	0.61
	0.61
	
	Fair
	0.63
	0.73
	0.68

	Good
	1
	0.06
	0.11
	
	Good
	0
	0
	0

	Very good
	0.48
	0.02
	0.04
	
	Very good
	0.54
	0.17
	0.26

	DT
	
	RF

	Metrics
Category 
	precision
	recall
	f1-score
	
	Metrics
Category 
	precision
	recall
	f1-score

	Poor
	0.67
	0.95
	0.78
	
	Poor
	0.63
	0.97
	0.77

	Mediocre
	0.48
	0.11
	0.18
	
	Mediocre
	0.7
	0.01
	0.01

	Fair
	0.62
	0.58
	0.6
	
	Fair
	0.61
	0.49
	0.54

	Good
	1
	0.06
	0.11
	
	Good
	0
	0
	0

	Very good
	0.55
	0.04
	0.07
	
	Very good
	0
	0
	0

	GB
	
	ET

	Metrics
Category 
	precision
	recall
	f1-score
	
	Metrics
Category 
	precision
	recall
	f1-score

	Poor
	0.66
	0.95
	0.78
	
	Poor
	0.66
	0.96
	0.79

	Mediocre
	0.5
	0.12
	0.2
	
	Mediocre
	0.57
	0.08
	0.14

	Fair
	0.63
	0.56
	0.6
	
	Fair
	0.64
	0.62
	0.63

	Good
	1
	0.06
	0.11
	
	Good
	1
	0.06
	0.11

	Very good
	0.52
	0.04
	0.07
	
	Very good
	0.78
	0.03
	0.06

	AB
	
	CB

	Metrics
Category 
	precision
	recall
	f1-score
	
	Metrics
Category 
	precision
	recall
	f1-score

	Poor
	0.64
	0.95
	0.76
	
	Poor
	0.71
	0.96
	0.82

	Mediocre
	0.56
	0.03
	0.05
	
	Mediocre
	0.68
	0.25
	0.36

	Fair
	0.53
	0.5
	0.51
	
	Fair
	0.71
	0.72
	0.72

	Good
	0
	0
	0
	
	Good
	0.77
	0.14
	0.24

	Very good
	0
	0
	0
	
	Very good
	0.73
	0.14
	0.24
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FIGURE 1A Training accuracy of the developed models across the three-level and five-level IRI scales









	[image: ]

	[image: ]

	[image: ]


FIGURE 2A Precision, recall, and F-score of the developed models across the three-level and five-level IRI scales using the training dataset
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