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Problem 1. There are many ways to estimate well defined economic parameters and

their progeny-causal effects. Consider a model

Y = α + βD + γX + U, E(U) = 0. All variables are scalar.

D = 1 if a person receives an intervention; = 0 otherwise. Give condi-

tions for identifying β (a fixed coefficient) by:

(a) Matching on X; How does matching differ from OLS?

(b) Using Z as an instrument (COV(Z,D) 6= 0 COV(Z,U) = 0)

(c) Random assignment of D (with full compliance)

(d) Selection methods (assume a general non-normal model)

(e) Proxy variable methods

where U = φV + ε, V ⊥⊥ ε, and ε ⊥⊥ (D,X) when M1,M2,M3 are

measures available to you:

M1 =γ10 + γ11V + η1,

M2 =γ20 + γ22V + η2,

M3 =γ30 + γ33V + η3.



and {ni}3i=1 are mean zero, mutually independent, random variables

independent of (X, V ).

(f) In problem (e), give conditions under which the γij, i,∈ {1, 2, 3} are

identified along with the variances in η1, η2, η3.

Be explicit how in each case there is exogenous variation that produces

identification and state what it is.

Problem 2. (Building on (e) from Problem 1) Suppose you have panel data on

Yit = αt + βDit + γXit + Uit, t = 1, . . . , T

where Uit = φVi + εit, V ⊥⊥ {εit}Tt=1, {εt}Tt=1 ⊥⊥ {Xt},

E(εit) = 0 ∀t = 1, . . . T , and
Dit = 0 t ≤ t∗

Dit = 1 t > t∗
where the intervention occurs at 1 < t∗ < T .

How would you identify β in the following cases?

(a) Using panel data on individuals i = 1, . . . , I

(b) Suppose instead you have repeated cross sections of persons sam-

pled from the same population but in general samples have different

individuals

(c) Suppose instead of (b) you have only aggregate time series data

before and after t∗ and you do not know the treatment status of

any person, but the aggregate proportion treated? Consider two

cases: (i) αt = α ∀t and (ii) αt freely varies.
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(d) In what way, if any, does this model differ from the “difference in

differences” model you studied in part 1 of this course?

Problem 3. State and prove Yitzhaki’s theorem (See the appendix of Heckman et al.

(2006) for OLS weights and LATE (IV) weights and explore their con-

nection. Relate those weights to Theil’s theorem characterizing OLS as

a weighted average of bivariate regression coefficients. (Take scalar X)

Problem 4. Compare and contrast the roles of the probability of selection (Pr(D =

1|Z)) in LATE, matching, and selection models.

Problem 5. Answer (1) when β is heterogeneous, βi, and βi ⊥�⊥ Di.

Problem 6. Answer all of the questions posed in the 4 posted panel data model for

the final week.

Problem 7. Consider the panel problem set on earnings posted at [Will insert

here]. Compute the parameters of the following earnings dynamic mod-

els using the NLSY Xit ⊥⊥ U ′it at all Uit ⊥⊥ U ′it
′′ all i, i′ for t 6= t′.

(a) lnYit = α′Xit + βYi,t−1 + Uit, t = 1, T, . . . , i = 1, . . . , I

Uit = Fi + εit εit iid over i, t.

(b) β = 0, Uit = ρUi,t−1 + εit, εit iid.

(c) β = 1, Uit = ρUi,t−1 + εit, εit iid.

(d) Same as (b) but ρ = 1.

(e) All of the above but εit is MA1.

Which model best fits the data? Trace out the implied dynamics

of an exogenous unit change in Yi,t−1.
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