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Testing Common Trends



The Common Trends Assumption

Diff-in-diff does not identify treatment effect if treatment and
comparison groups were on different trajectories pre-program

• This is the common trends assumption

Remember the assumptions underlying diff-in-diff estimation:

• Selection bias relates to fixed characteristics of individuals (γi )

• Time trend (λt) same for treatment and control groups

These assumptions guarantee that the common trends assumption
is satisfied, but they cannot be tested directly — we have to trust

• As with any identification strategy, important to think carefully
about whether it checks out intuitively and econometrically
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How Can We Test the Common Trends Assumption?

A few approaches:

1. A compelling graph: were trends similar pre-program?

2. Test equality if (linear) pre-program trends in outcome variables

3. A placebo experiment (or falsification test)

Not possible with only two periods of data
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Approach #1: A Compelling Graph

source: Naritomi (2019)
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Approach #2: Testing Common Trends in a Regression

Godlonton and Okeke (2015) test for differences in pre-treatment
trends:

Yict = α+ βHighExposurec + λTimet + γHighExposurec × Timet + εict

where:

• Yit = outcome variable in cluster i at time t

• HighExposurec = indicator for (eventually) treated clusters

• Timet = (linear) measure of months from start of data set

• γ = measures equality of time trends between treatment, control

• εit = mean-zero error term
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Approach #2: Testing Common Trends in a Regression

source: Godlonton and Okeke (2015)
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Approach #3: A Falsification Test

A placebo or falsification test looks for effects that shouldn’t be

• In Malawi: test whether HighExposurec × Postt predicts
outcomes not impacted by ban on traditional birth attendants

• In Indonesia: test whether more schools predicts increases in
educational attainment, income among (much) older cohorts
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Approach #3: A Falsification Test

source: Godlonton and Okeke (2015)
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Approach #3: A Falsification Test

source: Duflo (2000)
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Approach #3: A Falsification Test

Dependent Variable: Years of Education

OLS OLS OLS

Obs. (1) (2) (3)

Panel A: Entire Sample

Intensityj ∗ Youngeri 78,488 0.009 0.018 0.008

(0.026) (0.027) (0.030)

Panel B: Sample of Wage Earners

Intensityj ∗ Youngeri 30,255 0.012 0.024 0.079

(0.048) (0.048) (0.056)

Controls Included:

YOB∗enrollment rate in 1971 No Yes Yes

YOB∗other INPRES programs No No Yes

Sample includes individuals aged 12 to 24 in 1974. All Specifications include region
of birth dummies, year of birth dummies, and interactions between the year of birth
dummis and the number of children in the region of birth (in 1971). Standard errors are
in parentheses.
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Event Studies



The Difference-in-Differences Estimator
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Diff-in-diff estimator is a linear combination four cell means

• In panel data, cell means average across periods
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The Difference-in-Differences Estimator
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Clear interpretation when treatment effect is constant

⇒ E [Yit ] = γi + λt + δiDit
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When Treatment Effect Changes Over Time
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When treatment alters time trend (ie slope and not just level)

• DD estimand depends on chosen evaluation window
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The Event Study Approach

Always plot your data (and look for a plot in papers)!

• When common trends holds, diff-in-diff estimator is still
unbiased measure of average treatment effect on treated units

• Which treatment effect? Answer: “impact of X over τ years”

Alternative is to estimate treatment effect separately for each period

• Include treatment variable interacted with leads and lags

• Allows for statistical tests of functional form of effect

• Requires more data (statistical power) than pooled diff-in-diff
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The Event Study Approach

Let Zi,1 be an indicator for first observation after unit is treated

⇒ Zi,1 = 1 when Di,t = 1 AND Di,t−1 = 0

⇒ Zi,k = indicator for the k th period after treatment (starts)

⇒ Zi,−k = indicator for k th period before treatment starts

Event study specification:

Yi,t = α+ ηi + φt+

. . .+ β−2Zi,−2 + β1Zi,1 + β2Zi,2 + . . .+ εi,t

(notice we’ve omitted dummy for last pre-treatment period)
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The Event Study Approach in Stata

reg y minus3 minus2 minus1 plus1 plus2 plus3 i.time i.id

post-treatment dummies
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The Event Study Approach in Stata

reg y minus3 minus2 minus1 plus1 plus2 plus3 i.time i.id

post-treatment dummies

Treatment effects relative to omitted “period zero”

⇒ Exact moment of treatment or last pre-treatment observation
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The Event Study Approach in Stata
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The Event Study Approach: Hypothesis Testing

Hypotheses one might test in event studies:

• Individual coefficients (e.g. specific treatment effects) are zero

• A group of coefficients are all (jointly) equal to zero

• A group of coefficients are equal to each other (but not zero)

• A group of coefficients are related to each other linearly

In Stata, we can test hypotheses after estimation using test:

reg y x1 x2 x3 x4

test x1 x2 x3 x4 (list of coefficients)
test x1=x2 (test of equality)
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The Event Study Approach: Hypothesis Testing
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The Event Study Approach: Hypothesis Testing

test minus1 minus2 minus3

( 1) minus1 = 0

( 2) minus2 = 0

( 3) minus3 = 0

F(3,1386) = 0.57

Prob > F = 0.6341

⇒ Particularly useful in testing for pre-treatment common trends
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The Event Study Approach: Hypothesis Testing
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The Event Study Approach: Hypothesis Testing

test plus1 = plus2 = plus3

( 1) plus1 - plus2 = 0

( 2) plus1 - plus3 = 0

F( 2, 1386) = 0.24

Prob > F = 0.7869

⇒ Each coefficient statistically significantly different from zero

⇒ Coefficients not significantly different from each other
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The Event Study Approach: Hypothesis Testing
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Time relative to start of treatment
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The Event Study Approach: Hypothesis Testing
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The Event Study Approach: Hypothesis Testing

Coefficients on plus1 and plus2 are not equal:

test plus1 = plus2

( 1) plus1 - plus2 = 0

F( 1, 1386) = 25.35

Prob > F = 0.0000

Can we reject hypothesis that plus2 is twice as large as plus1?

test 2*plus1 = plus2

( 1) 2*plus1 - plus2 = 0

F( 1, 1386) = 0.02

Prob > F = 0.8917
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The end!


