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Abstract

Survey methodology faces a paradox: just as probability sampling, error quantification, and
selection bias adjustment are most needed, amid declining response rates, rising operational
costs, and growing reliance on found data, the field is increasingly perceived as less central
than model-based or algorithmic analytics. In this lecture, I argue that design-based
reasoning is not a legacy constraint but a practical discipline for making modern data science
more reliable, transparent, and decision-relevant.

I present lessons from my work that connects survey design and inference to contemporary
model-based practice. First, I present multilevel regression and poststratification as a
unifying framework for integrating surveys with auxiliary information to calibrate small area
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estimation. Second, drawing on population-science applications in large-scale cohort studies,
I discuss how reference probability samples and carefully chosen auxiliary variables can
improve population generalizability and also inform what data should be collected next.
Third, I discuss hybrid data collection and inference that combine probability and
nonprobability samples.

These examples highlight practical design questions: Which auxiliary variables are needed?
When is probability sampling essential, and when can nonprobability data safely add
efficacy? Which assumptions are empirically testable through design-informed diagnostics?
Using these examples at the intersection of survey design, causal effect generalizability, data
integration, and reproducible statistical computing, I conclude that the most useful models in
practice are those that respect the design.
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