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Thesis Summary

This thesis summarizes the results of research on covariate selection for estimating the population mean
of the outcome with small bias and variance, and on estimating the treatment effects when the outcome
is missing and the mechanism is Missing Not at Random (MNAR). MNAR is a missing mechanism that
depends not only on the observed values but also on the missing values themselves and is more difficult
to adjust appropriately than other missing mechanisms.

This thesis is organized as follows. Chapter 1 is an introduction, reviewing previous studies on
missing data adjustment methods and discussing the limitation of recent MNAR data adjusting methods.

Chapter 2 describes the previous study used for the discussion in this thesis. In this chapter, we
consider the use of instrumental variable (1V), which is the variable that is conditionally independent of
the outcome and related to the missing mechanism when conditioning on the covariates, in the
estimation of the population mean when the outcome is MNAR. The previous study employs a two-step
estimation procedure, first estimating the extended propensity score, which is the probability of
missingness conditional on the covariates, the outcome, and the IV, and then estimating the population
mean using the estimates.

In Chapter 3, we propose a policy for covariate selection for the extended propensity score model in
the population mean estimation using the two-step estimation procedure described in Chapter 2. First,
we show the minimum set of covariates that should be included in the extended propensity score model
for the consistency of the population mean estimation. Next, we show that it is a good policy to include
only the minimum set of covariates for consistency in the extended propensity score model in terms of
estimating a small bias and variance of the population mean estimate.

In Chapter 4, we propose a method to estimate treatment effects using a two-step estimation
procedure when the outcome is MNAR. Since the existence of the confounder introduce bias when
estimating treatment effects in observational studies, it is necessary to simultaneously consider
adjustments for missing and confounding. In this section, we propose a method for estimating the
average treatment effect, the average treatment effect on the treatment and on the untreated without
modeling the outcome in the observational study where the outcome is MNAR.

Chapter 5 summarizes the discussion on the covariate selection for estimating the population mean
and the procedure for estimating the treatment effects when the outcome is MNAR. It also discusses the

challenges of the two-stage estimation procedure for adjusting the MNAR and future work.






