
Aprendizado com OLS Aprendizado com Logit

PLN para a Ciência Poĺıtica e Poĺıticas Públicas Públicas
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Seleção de um Modelo Probabiĺıstico Paramétrico de
Aprendizado para Classificação

Voltando a nosso projeto, vamos utilizar hoje uma variável binaria dummy para
identificar conteúdo (e.g., desfavorável)

• y =

(
1
0

)
valor anotado no training data set

• ŷ = valor predito na amostra
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Classificação Supervisionada

• Lembrando das 03 etapas necessárias:

1 Classificação dos documentos (Definição e Categorização);

2 Treinamento do modelo (Aprendizado do Modelo);

3 Validação (Inferência).
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Resumo

Figure: Cerulli (2023)
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Resultados, Preditores e o Erro

Y = f (X ) + ε

• Dependent Variable: A variável ou desfecho que queremos prever
• f = Modelo estat́ıstico (Learner)
• Predictors=Features: Variáveis explicativas
• Error: Variação Estocástica
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Conceitos básicos: Training e Test Data Sets Y : Exemplo Default

Default Training Data Set Test Data Set Total
No 7,739 1,928 9,667

80.06 19.94 100
96.74 96.40 96.67

Yes 261 72 333
78.38 21.62 100
3.26 3.60 3.33

Total 8,000 2,000 10,000
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Conceitos básicos: Valores Preditos de Y : Exemplo Default
Learner Model: Default= f ( Student, Balance, Income)
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Conceitos básicos: Modelo de Aprendizado de OLS Y : Exemplo
Default

Table: OLS Regression table

(1) (2)
default all default training

income 0.000000199 4.70e-08
(0.000000192) (0.000000214)

balance 0.000133 0.000134
(0.00000355) (0.00000398)

student dummy -0.0103 -0.0136
(0.00566) (0.00635)

Constant -0.0708 -0.0619
(0.0131) (0.0146)

N 10000 8000
r2 0.124 0.125
rmse 0.168 0.169

Standard errors in parentheses
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Conceitos básicos: Mean Square Error (MSE)

E(Y − Ŷ )2 = E [f(X ) + ε− f̂(X )]2

= [f(X )− f̂(X )]2 + Var(ε)
(1)
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Reducible and Irreducible Error

= E(Y − Ŷ )2 = E [(f (x) + ϵ− f̂ (X )]2

= E [(f (x)− f̂ (X )]+Var(ϵ)
= Reducible error + Irreducible error

A precisão (accuracy) de Ŷ como uma previsão para Y depende de ambos tipos de
erro, e em aprendizado de maquina procuramos reduzir reducible error.

This error is reducible because we can potentially improve the accuracy of f̂ by using the
most appropriate statistical learning technique to estimate f.
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MSE Y do Modelo Linear: Exemplo Default

Default Training Data Set Test Data Set Entire Sample
Predicted % of Default 3.375 3.390 3.333
Mean Squared Error 0.0285 0.0268 0.0282
N 8,000 2,000 10,000
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Erro

• Training error rate: Erro que obtemos ao aplicar o modelo (aprendizado) aos
dados da amostra

• Test error rate: Erro de usar o modelo para novos dados
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Default regression with train/test predictions
Learner Model: Default= f ($Student ,Balance, Income)

Barberia PLN para a Ciência Poĺıtica 2◦ semestre, 2023 14 / 30



Aprendizado com OLS Aprendizado com Logit

Default regression with train/test predictions
Learner Model: Default= f ($Student ,Balance)
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5-fold Cross-validation
• Um método para estimar o MSE de teste usando os dados de treinamento.
• Cada fase, 4 sub-amostras de treinamento e 1 sub-amostra para validação.
• Cinco fases.

Barberia PLN para a Ciência Poĺıtica 2◦ semestre, 2023 16 / 30



Aprendizado com OLS Aprendizado com Logit

Default regression with train/test predictions and cross-validation
Learner Model: Default= f ($Student ,Balance), 5-fold
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Regressão Linear e Loǵıstica

• Regressão Linear: P(Default) = β0 + β1Income + β2Student

• Modelo Logit: P(Default) =
eβ0+β1Income+β2Student

1 + eβ0+β1Income+β2Student
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Regressão Linear e Loǵıstica
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Regressão Loǵıstica
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Regressão Loǵıstica

Table: Log Odds-Ratio Regression table

(1)
default dummy

income 1.000
(0.37)

balance 1.006∗∗∗
(24.74)

student dummy 0.524∗∗
(-2.74)

N 10000

Exponentiated coefficients; t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Regressão Loǵıstica: Classsification Results
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Regressão Loǵıstica:ROC
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Regressão Loǵıstica

Table: Logit Odds-Ratio Regression table

(1) (2)
default defaultt rain

income 1.000 1.000
(0.37) (-0.34)

balance 1.006∗∗∗ 1.006∗∗∗
(24.74) (22.14)

student dummy 0.524∗∗ 0.458∗∗
(-2.74) (-3.03)

N 10000 8000

Exponentiated coefficients; t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Regressão Loǵıstica: Classsification Results for Train
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Conceitos básicos: CER Y : Exemplo Default com Modelo Logit

Default Training Data Set Test Data Set Entire Sample
Predicted % of Default 3.375 3.369 3.333
Classification Error Rate 0.0280 0.0215 0.0268
N 8,000 2,000 10,000
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Aprendizado com Modelo Logit: Resultados de Exemplo de
Default
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Aprendizado com Modelo Logit e Cross-Validicação: Resultados
de Exemplo de Default
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Avaliação do Modelo

Figure: Manisha Sirsat (2019)
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