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Introduction: What are Regression Discontinuity Designs? Why use them?

Regression discontinuity (RD) designs are a powerful quasi-experimental
research method used to estimate causal effects when a treatment is assigned
based on a continuous assignment variable that crosses a threshold or cutoff
score. Imagine a scholarship program that awards funds to students scoring
above a certain percentile on an entrance exam. Students just above the
cutoff received the scholarship; those just below didn't. The difference in
outcomes (e.g., GPA, graduation rates) between these two groups can provide a
causal estimate of the scholarship's effect, assuming no other systematic
differences exist between the groups except for their scores around the
cutoff. This is the core principle of RD designs.

Unlike randomized controlled trials (RCTs), which randomly assign
participants to treatment and control groups, RD designs leverage the
inherent randomness around the cutoff point. This makes them particularly
valuable when randomization is impractical, unethical, or impossible. For
example, it's unethical to randomly assign students to receive or not receive
a potentially beneficial scholarship. RD designs allow for credible causal
inference even in the absence of true random assignment.

Chapter 1: Foundations of Causal Inference

Understanding causality is crucial for employing RD designs effectively. The
potential outcomes framework provides a formal structure for thinking about
causality. For each individual, we can define two potential outcomes: Y₁(i) -
the outcome if individual i receives the treatment, and Y₀(i) - the outcome
if individual i does not receive the treatment. The causal effect for
individual i is simply the difference: Y₁(i) - Y₀(i). However, we can only
observe one of these outcomes for each individual – either Y₁(i) if they
received treatment or Y₀(i) if they didn’t. This is the fundamental problem
of causal inference.

Selection bias arises when individuals self-select into treatment or control
groups in a non-random way. This leads to differences in outcomes that are
not solely due to the treatment but also due to pre-existing differences
between the groups. RD designs mitigate selection bias by using the cutoff
score as an instrument. Individuals close to the cutoff are similar in terms
of the assignment variable, making the comparison of outcomes between these



groups more credible.

Chapter 2: Sharp and Fuzzy Regression Discontinuity Designs

There are two main types of RD designs: sharp and fuzzy. In a sharp RD
design, the treatment is deterministically assigned based on the cutoff. In
our scholarship example, anyone above the cutoff receives the scholarship,
and anyone below does not. In a fuzzy RD design, the treatment assignment is
probabilistic around the cutoff. For example, the scholarship might be
awarded based on a lottery for those students around the cutoff score. The
probability of receiving the treatment varies smoothly across the cutoff.
Fuzzy designs require more sophisticated analysis techniques but remain
powerful tools for causal inference.

Chapter 3: Implementing RD Designs

Implementing an RD design involves careful data collection and preparation.
This includes ensuring accurate measurement of the running variable (the
variable determining treatment assignment) and the outcome variable(s).
Choosing the appropriate bandwidth (the range of data points around the
cutoff used in the analysis) is crucial. A too-narrow bandwidth might lead to
insufficient data, while a too-wide bandwidth might compromise the local
average treatment effect assumption.

Chapter 4: Estimating Treatment Effects

Various methods are used to estimate the treatment effect in RD designs.
Local linear regression is a popular choice because it's robust to violations
of some assumptions. Polynomial regression can be used to capture non-linear
relationships between the running variable and the outcome. The choice of
estimation method depends on the specific research context and the nature of
the data.

Chapter 5: Testing Assumptions and Addressing Threats to Validity

The validity of RD results relies on several assumptions. One key assumption
is that there's no manipulation of the running variable. Individuals
shouldn't be able to strategically manipulate their assignment variable to
influence their treatment status. Another is the continuity assumption which
implies that aside from the treatment there are no other systematic
differences between those just above and below the cutoff. Tests are
available to check for these assumptions and to assess the robustness of the
results. Addressing threats to validity involves careful study design and
analysis, potentially including sensitivity analysis to determine how robust
the results are to potential violations of assumptions.

Chapter 6: Interpreting Results and Communicating Findings



Interpreting RD results involves understanding the estimated treatment
effect, its statistical significance, and its practical implications.
Communicating findings requires clear presentation of the results, including
graphical visualizations and appropriate statistical measures. Careful
consideration should be given to the limitations of the study and the
potential for biases.

Chapter 7: Case Studies

Real-world examples of RD designs across diverse fields illustrate their wide
applicability and demonstrate how they can be effectively implemented and
interpreted. Examples may include studies on the impact of class size on
student achievement, the effect of electoral rules on political outcomes, or
the evaluation of social programs.

Conclusion

RD designs offer a powerful approach to causal inference in settings where
RCTs are infeasible. This book has provided a practical introduction to the
foundations of RD designs, equipping researchers with the knowledge and
skills to implement and interpret these designs effectively. By mastering
these techniques, researchers can make significant contributions to various
fields, offering valuable evidence for policy decisions and program
evaluations.

FAQs:

What is the difference between sharp and fuzzy RD designs? Sharp RD1.
designs have a deterministic cutoff, while fuzzy designs have a
probabilistic assignment.

How do I choose the appropriate bandwidth in RD? Balance between2.
minimizing bias and maximizing precision through methods like cross-
validation.

What are some common threats to validity in RD? Manipulation of the3.
running variable and discontinuities in other factors besides the
treatment.

What statistical methods are used to estimate treatment effects in RD?4.
Local linear regression, polynomial regression.

How do I interpret the results of an RD analysis? Consider the estimated5.
effect size, its statistical significance, and the confidence intervals.

Can RD designs be used with observational data? Yes, but careful6.
consideration of potential biases is crucial.



What are the limitations of RD designs? The local nature of the7.
estimates and the potential for violations of assumptions.

How can I check for manipulation of the running variable? Visual8.
inspection of data, density tests, and other statistical methods.

What software packages can be used to perform RD analysis? Stata, R,9.
Python.
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