
Validation metrics:  

The classification performance measures used in our study are listed below: 

Definition Evaluation focus Parameter 

𝐓𝐏𝐢 + 𝐓𝐍𝐢

𝐓𝐏𝐢 + 𝐓𝐍𝐢 + 𝐅𝐍𝐢 + 𝐅𝐏𝐢
 

Effectiveness of a classifier for i-th class Accuracyi 

𝐓𝐏𝐢

𝐓𝐏𝐢 + 𝐅𝐍𝐢
 

 

Effectiveness of a classifier to identify 

positive labels for i-th class 

Sensitivityi

/Recalli 

𝐓𝐍𝐢

𝐓𝐍𝐢 + 𝐅𝐏𝐢
 

 

Effectiveness of a classifier to identify 

negative labels for i-th class 

Specificityi 

𝐓𝐏𝐢

𝐓𝐏𝐢 + 𝐅𝐏𝐢
 

 

Class agreement of the data labels with 

the positive labels for i-th class 

Precisioni 

𝟐 × 𝐏𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧𝐢 × 𝐒𝐞𝐧𝐬𝐢𝐭𝐢𝐯𝐢𝐭𝐲𝐢

𝐏𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧𝐢 + 𝐒𝐞𝐧𝐬𝐢𝐭𝐢𝐯𝐢𝐭𝐲𝐢
 

 

Relations between positive labels and 

those given by a classifier for i-th class 

F1 − Scorei 

∑ (
𝐓𝐏𝐢 + 𝐓𝐍𝐢

𝐓𝐏𝐢 + 𝐅𝐍𝐢 + 𝐅𝐏𝐢
)   𝐥

𝐢=𝟏

𝐥
 

 

The average per-class effectiveness of a 

classifier 

Accuracym 

∑ 𝐓𝐏𝐢
𝐥
𝐢=𝟏

∑ (𝐓𝐏𝐢 + 𝐅𝐍𝐢)
𝐥
𝐢=𝟏

 

 

Effectiveness of a classifier to identify 

class labels if calculated from sums of 

per-category decisions 

 

Sensitivitym

/Recallm 

 

∑ 𝐓𝐍𝐢
𝐥
𝐢=𝟏

∑ (𝐓𝐍𝐢 + 𝐅𝐏𝐢)
𝐥
𝐢=𝟏

 
The average per class effectiveness of a 

classifier to identify negative labels 

Specificitym 

∑ 𝐓𝐏𝐢
𝐥
𝐢=𝟏

∑ (𝐓𝐏𝐢 + 𝐅𝐏𝐢)
𝐥
𝐢=𝟏

 

 

Agreement of the data class labels with 

those of a classifiers if calculated from 

sums of per-category decisions 

Precisionm 



𝟐 × 𝐏𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧𝐦 × 𝐒𝐞𝐧𝐬𝐢𝐭𝐢𝐯𝐢𝐭𝐲𝐦

𝐏𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧𝐦 + 𝐒𝐞𝐧𝐬𝐢𝐭𝐢𝐯𝐢𝐭𝐲𝐦
 

 

Relations between data’s positive labels 

and those given by a classifier based on a 

per-class average 

F1 − Scorem 

l is the number of categories. True positive (TPi):  Spectral data belong to the i-th category which 

is correctly identified; false positive (FPi): Spectral data which do not belong to the i-th category, 

incorrectly identified; true negative (TNi): Spectral data which do not belong to the i-th category, 

correctly identified; false negative (FNi): Spectral data belong to the i-th category, incorrectly 

identified. 

 


