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What is Two-Phase Learning and 
what is it for?



෠𝑌, 𝜀ML𝑌, 𝑥

Two-Phase learning 
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Goal: 𝐸 𝑌 − ෠𝑌 𝑥 = 0



Goals of 2nd-phase learning

• Capture potential mean and variance heterogeneity

• Provide individual-level description of prediction uncertainty

• Possibly adjust the 1st-phase model prediction on the flight



Mean & variance heterogeneity

𝐸 𝑌 − ෠𝑌 𝑥 = 0



On-the-flight correction

Adjusted prediction=

1st-phase model prediction +

2nd-phase error prediction



Procedure of Two-Phase
Learning



1. Data split, Error Vs Residual
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Data split with hold-on sets
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2. 1st-phase learning

𝑌 = ෠𝑌 + 𝜀, where ෠𝑌 = 𝑓 𝑦 𝑥

• 𝑓 – 1st-phase model

• x – explanatory variables/features

• 𝜀 – 1st-phase error



3. 2nd-phase learning

h(𝜀) = ෣ℎ(𝜀) + 𝜉, where ෣ℎ(𝜀) = 𝑔(ℎ 𝜀 |𝑥, 𝑧)

• 𝑔 – 2nd-phase model

• z – additional explanatory variables

• 𝜉 – 2nd-phase error

• h(𝜀) – function of 𝜀, e. g. (𝜀2, 𝑠𝑖𝑔𝑛(𝜀)), incl. h(𝜀) = 𝜀



Adding covariates

𝑔(ℎ 𝜀 |𝑥) vs 𝑔(ℎ 𝜀 |𝑥, 𝑧)

Errors’ transformations
𝒉 𝜀 Mean heterogeneity Var heterogeneity
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A practical example



Imputing working time for agriculture survey 

True errors1st-Phase errors

2nd-Phase predicted errors

x,z
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Conclusions



Thanks for attention. 
Questions?


