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Recap: DiD



How to get the causal effect of a treatment: DiD

2020 2022

Free Mental Health: Treated 6 6

No Free Mental Health: Untreated 4 5

We can do several comparisons:

• Comparison 3: Compare treated to untreated group, before
and after the intervention. Differences in differences!

• Estimated treatment effect?
(6− 6)− (5− 4) = (6− 5)− (6− 4) = −1

• Identifying assumption: Parallel trends: Without the
treatment, the average increase in the outcome of the
treated would have been the same as the average increase
in the outcome of the untreated.
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Parallel trends assumption
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(Potential) violation of a parallel trends assumption
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Estimating DiD with regressions

We can set up a simple linear regression to estimate a DiD
model:

Yit = α+ β Treated i + γ Post t + δ Treated i · Post t + uit

2020 2022

Free Mental Health: Treated α+ β α+ β + γ + δ

No Free Mental Health: Untreated α α+ γ
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Any questions?

… Remember – Every question is useful!
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Making DiD more general: Panel Data
estimation



Limitations of the 2x2 DiD framework

In the simple 2x2 framework, we estimated:

Yit = α+ β Treated i + γ Post t + δ Treated i · Post t + uit

How can we extend this framework?
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Intro to Panel Data i

A panel dataset may look like this:
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Intro to Panel Data ii

It may also look like this:
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Interpreting FE regressions

Suppose we collect yearly data on firms’ profits and the gender
of the firms’ CEO, for a sample of 1,000 firms over 20 years.

We can estimate this model with firm and year fixed effects:

Profitsit = β0 + β1Female CEOit + αi + δt + εit

How do we interpret β1?

The same way as in an OLS regression!

β1 describes how having a female CEO is associated with
profits, holding constant all firm-specific factors that do not
change over time, and all time-specific factors that affect all
firms equally. β1 is the effect within each firm (and year!),
controlling for the firm-specific and year-specific fixed effects.
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Visualization

See separate gif!
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https://jonathanold.github.io/images/fe.gif


Limitations of fixed effects

• Imagine we want to estimate the effect of annual income
on happiness and we have a panel following 1,000
individuals over 10 years. You think there are many
omitted variables and include individual-level fixed
effects. You are also interested in the effect of parental
income on happiness. What’s the problem?

• We want to estimate the effect of democracy on economic
growth in a panel of 180 countries over 60 years. We can
include country-fixed effects to account for any effect
coming from different countries having a different climate,
terrain, access to the sea, culture, etc. Are you satisfied
with this approach?

• We want to estimate the effect of education on wages and
think of using individual-level fixed effects. What can go
wrong?
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Any questions?

… Remember – Every question is useful!
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Practice question



Did Welfare Reform Increase Employment? In the 1990s, in an effort
known as ’Welfare Reform’ the United States implemented a series of
policies that aimed to reduce welfare dependency by incentivizing
work and raising the hassle of being on welfare. These reforms were
implemented at the state level between 1993 and 1997. In this
exercise, you will investigate whether welfare reform successfully
raised employment rates.

The file welfare.csv contains information on individuals in the U.S.
between 1990 and 2005. The key variables are

• employed: dummy equal to one if individual is employed

• reform: dummy equal to one if the individual is living in a state
that has welfare reform in place in that year

• hsgrad: dummy equal to one if individual has a HS degree

• white: dummy equal to one if individual is white

• woman: dummy equal to one if individual identifies as a woman

• avg_benefit: the average welfare benefit (between 1990 and
2005) for a family of three in that individual’s state
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Estimate a regression of (1) employed against reform (2)
employed against reform, hsgrad, white, and woman and
interpret the coefficient on reform in both regressions.
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Suggest a variable that varies across states but plausibly varies
little-or not at all-over time and that could cause omitted
variable bias in regression (2).

Estimate regression (2) using state fixed effects. How does the
coefficient change? What does this suggest about the
ommitted variable bias in part (b)? Which omitted variables do
we account for with state FE?

Estimate regression (2) using time fixed effects. Interpret the
interpret the coefficient on reform. How does the coefficient
change? What does this suggest about the ommitted variable
bias in part (b)? Which omitted variables do we account for
with time FE?
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Estimate regression (2) using time AND state fixed effects.
Interpret the interpret the coefficient on reform. How does the
coefficient change? What does this suggest about the
ommitted variable bias in part (b)? Which omitted variables do
we account for with state and time FE?

Which specification (no FE, state FE, time FE, or state + time FE)
is most credible and why?
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See you on R!
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