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ABSTRACT 

Heterogeneity naturally arises in many large-scale data applications, making anal- 

ysis challenging due to the absence of a common set of features associated with an 

outcome of interest for all subjects. In this dissertation, we address the classification 

and regression problems in studies enrolling a heterogeneous population. First, we 

propose a Bayesian treed model that tailors a univariate feature according to indi- 

vidual profiles. By employing a decision tree framework, this approach partitions 

the population into distinct subgroups and identifies the most relevant feature for 

each, taking into account the unique characteristics of the individuals within these 

subgroups. This allows for more precise and personalized predictions across hetero- 

geneous populations. Second, we present a Bayesian treed machine learning model 

that advances this univariate approach by recommending feature combinations for 

each individual. By tailoring feature sets to specific subgroups, this model offers a 

more comprehensive approach to capturing complex relationships and interactions 

between variables. It effectively addresses data heterogeneity by selecting optimal 

feature sets for each group, enhancing both predictive accuracy and interpretability. 

Extensive simulations show that the proposed method improves prediction accuracy 

compared to the standard one-size-fits-all machine learning models. Analysis of data 

from a recent colon cancer biomarker study demonstrates the practical utility of the 

proposed methodology in making precision diagnostics and personalized predictions. 
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