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Outline

1. Review instrumental variables (IV)

2. Review panel methods + binary treatment diff-in-diff (DD)

3. Continuous treatment DD (Haxhiu & Helgerman, 2022)

4. Extra theory + Stata examples to sharpen tools
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Mincer (1974) model of earnings log 𝑌𝑖 = 𝛼 + 𝛽 ⋅ 𝑆𝑖 + 𝑈𝑖

Instrumental variable (IV) 𝑍𝑖 decomposes 𝑆𝑖 into 𝑆𝑖
X and 𝑆𝑖

N
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• First stage generates predicted values for treatment መ𝑆𝑖 ≔ ො𝜋0 + ො𝜋1𝑍𝑖

• We estimate returns 𝛽 from model log 𝑌𝑖 = 𝛼 + 𝛽 ⋅ መ𝑆𝑖 + 𝑈𝑖
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• First stage generates predicted values for treatment መ𝑆𝑖 ≔ ො𝜋0 + ො𝜋1𝑍𝑖

• We estimate returns 𝛽 from model log 𝑌𝑖 = 𝛼 + 𝛽 ⋅ መ𝑆𝑖 + 𝑈𝑖

• A valid instrument satisfies
1. Relevance Cov 𝑍𝑖 , 𝑆𝑖 ≠ 0

2. Exogeneity Cov 𝑍𝑖 , 𝑈𝑖 = 0

3. Exclusion no direct effect of 𝑍𝑖 on 𝑌𝑖
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IV in practice!
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Repeated sampling of population over time (usually)

Two dimensions (𝑖 + 𝑡) relating outcome 𝑌𝑖𝑡 to treatment 𝑋𝑖𝑡
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Repeated sampling of population over time (usually)

Two dimensions (𝑖 + 𝑡) relating outcome 𝑌𝑖𝑡 to treatment 𝑋𝑖𝑡

• Data = pooled cross-section (when new units are sampled each period) 

= panel (when we track the same units)

• Random Effects: OLS on 𝑌𝑖𝑡 = 𝜃𝑡 + 𝛽 ⋅ 𝑋𝑖𝑡 + 𝑈𝑖𝑡 with dummy variables for 
time periods (interacting with treatment to assess structural change) 

• Fixed Effects: OLS on 𝑌𝑖𝑡 = 𝛼𝑖 + 𝜃𝑡 + 𝛽 ⋅ 𝑋𝑖𝑡 + 𝑈𝑖𝑡 with dummy variables for 
time periods and individual units (if we have a panel) or exogenously defined 
groups of units (if we have a pooled cross-section) 10



Panel methods in practice!
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Difference-in-differences = compare 𝑌 change of units 
exposed to some policy 𝑇 with 𝑌 change of unexposed
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2 periods (before/after) and 2 groups (treated/control)

𝑌𝑖𝑡 ≔ outcome of interest

𝑃𝑡 ≔ 1{𝑡 is after treatment occurs}

𝑇𝑖 ≔ 1{𝑖 is treated/exposed}

𝑌𝑖𝑡 = 𝛽0 + 𝛽1𝑃𝑡 + 𝛽2𝑇𝑖 + 𝛽3 𝑃𝑡 ⋅ 𝑇𝑖 + 𝑈𝑖

Before After After – Before

Control 𝛽0 𝛽0 + 𝛽1 𝛽1
Treated 𝛽0 + 𝛽2 𝛽0 + 𝛽1 + 𝛽2 + 𝛽3 𝛽1 + 𝛽3

Treat – Control 𝛽2 𝛽2 + 𝛽3 𝛽3
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Parallel Trends Assumption = exposed units 𝑌 without 
policy 𝑇 would have changed like unexposed units 𝑌
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• PTA is an untestable assumption, just like OLS exogeneity or IV exogeneity

• However, if we have access to more data before policy, we can assess how likely it 
is to hold in practice… commonly known as “checking for pre-trends”

• One reason why people seem to like DD… visual check of identifying assumption!
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Romanian emigration following visa-free travel shock
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