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How can we do 
inference with 
machine learning?

● Targeted Maximum Likelihood 

Estimation (TMLE) is a solution

● Pairing TMLE with causal inference 

allows for causal discovery
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Algorithm
How do we do TMLE?
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Data

Outcome Y
-binary

Confounders W = (W1, W2,...Wn) 

“Treatment” A = 1

“Control” A = 0

Treatment
-binary

ESTIMAND: ATE = E[E[Y | A = 1, W] - E[E[Y | A = 0, W]]



1. Get Initial Estimate

Q(A, W) = E[Y | A, W]



2. Update Initial Outcomes

) +expit ( logit( * ) 

) +expit ( logit( * ) 

Clever Covariate

Fluctuation 
Parameter

g(W) = P(A = 1 | W)



3. Inference

-mean  ( )  ATE

● Semiparametric - combination of parametric 

and nonparametric model

● Doubly Robust!!

● Asymptotic Normality of Influence Function 

allows for construction of CI and test 

- inference !!



Application
Music & Mental Health 
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Music & Mental Health
● Music & Mental Health Survey from Kaggle

● 624 observations



Data Structure
 Define

 Outcome Y - Music Effect (0 - Improve; 1 - Not Improve)

 Exposure A - Depression (0 - Not Depressed; 1 - Depressed)

 Confounders W - Age, Hours.per.day, Fav.genre, BPM, Anxiety

Outcome Y
Music Effect

Confounders W = (W1, W2,...Wn)
Age, Hours.per.day, Fav.genre, BPM, Anxiety 

“Treatment” A = 1 - Depression

“Control” A = 0 - Not Depression

Treatment - Depression or Not



Result - Differences in Means

Parameter Estimate 0.01546

Estimated Variance 0.0010993

p-value 0.64101

95% Conf Interval (-0.049524, 0.080444)



Conclusion
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Conclusion
● Inference with Machine Learning Model

● Doubly Robust Estimation

● Advancement in Causal Inference
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