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Abstract

The rapid advancement of AI/ML has made it increasingly feasible to generate predicted data at
scale using black-box models, including deep learning, large language models, and generative Al.
These predictions offer a promising way to augment scarce gold-standard data and boost the power
of downstream scientific analyses. However, naively substituting predictions for true outcomes in
statistical inference can introduce bias and inflate false positive rates, undermining the
trustworthiness of scientific conclusions. In this talk, I will present a series of methods for safely
and efficiently integrating Al-predicted data into rigorous statistical inference. I will first introduce
an assumption-lean and data-adaptive framework that guarantees valid inference without
assumptions on the ML model while adaptively leveraging accurate predictions for efficiency gains.
I will then extend these ideas to settings with covariate shift arising from automated computational
phenotypes in electronic health records, and to SADA, a method for safely aggregating multiple
black-box predictions of uncertain quality. Throughout, I will highlight the semiparametric
efficiency theory underpinning these methods and demonstrate their practical impact through
applications in precision medicine.
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