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Machine Learning Modeling

Regression

● For continuous numerical 
responses values

● Correlation- and error-based 
metrics

● Examples: Linear regression, Ridge 
regression, SVR

Classification

● For discrete categories or labels
● Metrics like Accuracy, Precision, 

Recall
● Examples: LDA, Logistic regression, 

SVC

Vs



Regression-based 
QSAR workflow

Metrics for regression-based models

R2, MAE, RMSEC
Training set 

statistics

Q2
F1, Q2

F2, Q2
F3Test set statistics

Q2-LOO, Q2-LMO,  
MAE-CV

Cross-validation 
statistics



Metrics for regression-based models
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Metrics for regression-based models
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Internal vs. External Validation

Robustness

Internal 
validation

Predictivity

External 
validation



Robustness

Internal 
validation

Predictivity

External 
validation
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Different scenarios

Regression 
models

04

Low Q2, Low Q2
ext

02

Low Q2, High Q2
ext

01

High Q2, High Q2
ext

03

High Q2, Low Q2
ext



Sources of variations of model qualities

Determinants of 
model qualities

04

Split type

02

Feature selection

01

Descriptor type

03

Algorithm selection



Machine Learning Regression Workflow



Data sets/Benchmark data sets

Aqueous solubility data

6265 compounds

01

Reorganization energy 

171 structures

03

α7nACh Receptor agonists

1453 compounds

02

logP values

13745 compounds

04

BCF values

603 compounds

05

J. Chem. Inf. Model. 2017, 57, 36−49.



Novel metrics

Toth’s criteria: J. Comput.-Aided Mol. Des. 2013, 27, 837−844



Data set 1



Data set 2



Data set 3



Data sets 1-3



Data sets 1-3
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Data set 4



Data set 4



Data set 5



Data set 5



Alternate formula



Conclusion
• The proposed framework can be an efficient tool for 

an unbiased selection of the best model from a set  

of competing models. 

• This framework is neither overdependent on cross-

validation performance nor does it exhibit an 

incorrect dependence solely on external validation 

performance for model selection. 

• A simple quantitative value for a proposed metric 

can easily guide researchers toward reliable model 

selection, and the failed cases can prompt the 

modeler to modify the model development protocol. 



Conclusion
• In fact, a single best model selected from the three 

best models originating from three training-

validation splits (based on the values of Q2
performance) 

can guide the modelers to also select the appropriate 

data splitting algorithm without using external/test 

set information. 

• In our view, this framework for the unbiased 

selection of the best model from competing models 

can be included in the “Best Practices for Model 

Development, Validation, and Exploitation”
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