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RESEARCH ABSTRACTS

Dissertation Title
Three Essays on the Estimation of Average Treatment Effects in Quasi-Experimental Panel Data

Essay 1
Estimation of Average Treatment Effects with Panel Data: Asymptotic Theory and

Implementation

The first essay develops the asymptotic theory for the novel ATE estimation method proposed by
Hsiao, Ching and Wan (J. Appl. Econometrics, 2012). The three main contributions are: (i)
relaxing some of the distributional assumptions made by HCW and showing that the HCW
method works for a much wider than currently accepted range of data generating processes; (ii)
deriving the asymptotic distribution of HCW's average treatment effect estimator (under both
stationary and trend-stationary data cases) which facilitates inference; (iii) showing that the
LASSO method is computationally more efficient and leads to more accurate out-of-sample
prediction results than many commonly adopted model selection approaches such as BIC, AIC,
AICC and the leave-many-out cross validation methods (Du and Zhang, J. Econometrics, 2015).

Essay 2
Augmented Difference-in-Differences: Estimation and Inference of Average Treatment Effects

The second essay derives and illustrates a new practical ATE estimator for commonly
encountered settings where control units violate the parallel lines assumption (treatment and
control units follow parallel sample paths in the pre-treatment time period) essential to
Difference-in-Differences (DID). Our proposed method, the augmented DID (ADID), exploits
the correlation between treated and non-treated units as its identifying assumption, and
complements the standard DID when the latter breaks down. We show that a carefully designed
bootstrap method can be used to conduct inferences for average treatment effects. First, we prove
the validity of the bootstrap method for stationary data. Second, simulations show that the
bootstrap method works well for a wide range of data generating processes including stationary,
non-stationary and non-linear processes. Finally, we estimate the ATE of offline showroom
openings on sales for a prominent online-first retailer. The “parallel line assumption” is violated
for this data rendering DID not suitable for estimating ATE. In contrast, ADID can be used to
give reliable ATE estimate because the ADID estimator is robust to non-random selection for
treated and control units.



Essay 3 (JOB MARKET PAPER)
Statistical Inference for Average Treatment Effects Estimated by Synthetic Control Methods

The third essay builds on the synthetic control method (SCM), a powerful tool for estimating
average treatment effects (ATE) developed by Abadie and Gardeazabal (AER, 2003) and Abadie
et al (JASA, 2010). SCM is increasingly popular in fields such as statistics, economics, and
marketing and has been called "arguably the most important innovation in the evaluation
literature in the last fifteen years" (Athey and Imbens, NBER, 2016). While the widely used
Differences-in-Differences (DID) method requires the parallel trends assumption (that treatment
and control units follow parallel sample paths before treatment), SCM uses a weaker version of
this identifying assumption. Instead of using one control unit, SCM uses a weighted average of
many control units that better mimics the treatment unit. Essentially, this boils down to a weaker
version of the parallel lines assumption: outcomes for the treatment unit and a weighted average
of the control units must follow parallel paths over time in the pre-treatment period. However,
SCM has two main limitations. First, when there is heterogeneity among control units and
treatment units (which occurs frequently in economic and marketing data settings), the synthetic
control version of parallel lines assumption may not hold and it can perform poorly in sample
and out of sample. Second, to date, there has been no formal inference theory for synthetic
control ATE estimator. Existing work mostly use placebo tests for inference.

This essay addresses both these limitations of SCM. First, I modify the synthetic control method
S0 it can be applied even when there is heterogeneity in treatment and control units’ paths.
Second, | derive the asymptotic distribution of the synthetic control and modified synthetic
control ATE estimators using projection theory, and show that a properly designed subsampling
method can be used to obtain confidence intervals and conduct inference, whereas the standard
bootstrap cannot. Simulations and empirical applications examining the effect of opening
physical showrooms by two different e-tailers demonstrate the usefulness of the modified
synthetic control method.



