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ABSTRACT 

Online personalized decision making has become increasingly important in modern applications such as 

healthcare, recommendation systems, and dynamic pricing. Contextual bandits provide a powerful 

framework for such problems by sequentially learning reward models and making personalized decisions 

based on specific personal information. Most existing studies, however, focus primarily on regret 

minimization under standard low-dimensional contextual settings. In contrast, statistical inference for 

adaptively collected bandit data remains much less developed, especially in complex settings where 

covariates are either unavailable or high-dimensional. This PhD thesis develops new methodologies and 

theory for online personalized decision making in two challenging regimes: covariate-free decision making 

and high-dimensional decision making. Specifically, this thesis proposes the matrix completion bandit for 

covariate-free decision making and the high-dimensional sparse bandit framework for high-dimensional 

decision making. For both settings, we establish comprehensive methodological and theoretical 

frameworks that integrate online decision making, online parameter estimation, regret analysis, statistical 

inference, and policy evaluation. Our frameworks enable not only efficient sequential learning and decision 

making, but also valid statistical inference under the adaptively collected bandit data. More importantly, 

we characterize a fundamental trade-off between regret performance and inference efficiency, showing that 

regret minimization would lead to reduced inference efficiency. Building on this insight, we further 

investigate the simultaneous optimality for both of them based on the novel exploration-free algorithm and 

debiasing method. Extensive numerical experiments validate the proposed theory and methods. 
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