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ABSTRACT 
 

This thesis explores applications of machine learning methods in service of the design of 

screening tests, which are ubiquitous in applications from social work, to crim- inology, 

to healthcare. In the first part, a Bayesian decision theory framework is presented for 

designing tree-based adaptive tests. On an application to youth delin- quency in 

Honduras, the method produces a 15-item instrument that is almost as accurate as a full-

length 150+ item test. The framework includes specific considera- tions for the context in 

which the test will be administered, and provides uncertainty quantification around the 

trade-o↵s of shortening lengthy tests. 

In the second part, classification complexity is explored via theoretical and em- 

pirical results from statistical learning theory, information theory, and empirical data 

complexity measures. These formalisms are used to understand the relative merit of 

speech elicitation task engineering and speech feature engineering when designing a 

speech-based screening test to detect cognitive impairment. Through an extensive 

classification analysis on a clinical speech dataset from patients with normal cogni- tion 

and Alzheimer’s disease, we show that the speech data collection protocol has a 

fundamental impact on test performance. Carefully designed task and feature en- 

gineering are required for best results, and methods are proposed for automatically 

extracting insights to guide speech-based screening test design. 
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