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Introduction

« We now turn to a method that relaxes the exogeneity assumption of
OLS and PSM, and that is also robust to time-varying selection bias,
unlike DD
» Recall the simple model:

Y,=aX + bl +e
 Treatment assignment T may not be random because of two broad
factors: endogeneity (programs are placed deliberately in areas that
have specific unobservable characteristics correlated with Y);
unobserved individual heterogeneity (stemming from individual
beneficiaries’ self-selection into the program)

* In general we then may have:
cov(7,e)10



* |V aims to clean up the correlation between T and ¢, 1.e., the variation
In T that Is uncorrelated with ¢ needs to be isolated

 To do so, one needs to find an 1V, denoted Z that satisfies the
following two conditions:

1. cov(T,2)10
2. cov(eZ)=0

* Thus, instrument Z affects selection into the program but is not
correlated with factors affecting the outcomes (exclusion restriction)



2SLS: Two-stage Least Squares

* To isolate the part of the treatment variable that is independent of
unobserved characteristics affecting the outcome, one first regresses
the treatment on the instrument and the other covariates in the original
regression; this is the 15t stage regression:

T=9Z+fX +u,
 The predicted treatment from this regressmn T reflects the part of the
treatment affected only by Z and thus embodies only exogenous
variation in the treatment
 The predicted treatment is then substituted in the original equation to
produce the 2"d stage regression:

Y,=aX +bl+e



» Assuming no covariates in the model, 2SLS leads to
_cov(Y,Z)
b]V - —
cov(7;, Z,)
 We can use the covariance formula to deduce the bias in 2SLS:
cov(Y,Z,)=cov(bl +e,Z )= bcov(T,Z)+cov(e,Z, )<

cov(Y;,Z;)-cov(e, Z,) N

cov(T,, Z,)
cov(e,Z.)

cov(T,, Z,)

= b=

&b, =b+



» Although detailed information on program implementation and
participation can directly reveal the presence of selection bias,
endogenelity of treatment can also be assessed using the Wu-Hausman
test:
 First regress T on Z and the covariates X, and obtain the
corresponding residuals; these residuals reflect all unobserved
heterogeneity affecting the treatment not captured by observables
* Then, regress Y on T, X, and the estimated residuals; if the
coefficient on the residuals is statistically different from zero, the
null that T is exogenous conditional on observables is rejected



* The IV model has some variations:

« One can write the instrument equation as a nonlinear binary
response model (such as probit or logit); however, one should be
cautious regarding the application of 2SLS, which assumes
linearity (use maximum likelihood estimation)

« If panel data exist, IV can be combined with a panel fixed-effects
approach in the following model:

Yit = ﬂ;t +0’)(lt +/7l +ell‘

In this specification, time-invariant unobservables are accounted
for through fixed effects or time-differencing; IVs can help with
time-variant unobservables



concerns

» The basic drawback of the IV approach is the potential difficulty in
finding an appropriate instrumental variable
» Consistency of the IV estimate can be assessed through the
expression:
cov(e, /.
bIV — b_l_ ( l l)

. - cov(T, Z,) -
 The exclusion restriction assumption guarantees that the bias is zero;
however, in real applications this will never happen




* |f there Is a weak relation between the treatment T and the instrument
Z (WEAK INSTRUMENT PROBLEM), the denominator of the bias
will be small; this means:
« Even if the correlation between Z and ¢ is small, the bias will be
large
* The standard error of the IV estimate is likely to increase
(predicted impact on the outcome measured less precisely)
* One can test for weak instruments by looking at the F-statistic of
the 15t stage regression (F>10 is the rule of thumb as of Stock et

al., JBES, 2002)



« With multiple instruments, one can test the exclusion restriction
(TEST OF OVERIDENTIFYING RESTRICTIONS):
* First, estimate the equation of interest by 2SLS and obtain the

residuals

« Then regress the residuals on X and Z; obtain the R?

 Use the null hypothesis that all the instrumental variables are
uncorrelated with the residuals; this hypothesis is tested against
the following statistic

nR® ~ Chi’

where g Is the number of instrumental variables minus the number

of endogenous variables
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LATE: Local Average Treatment Effects

« Which treatment effect does IV estimate? Under some conditions,
LATE

 Imbens and Angrist (Econometrica, 1994) and Angrist et al. (JASA,
1996) introduce the LATE; Heckman (JHR, 1997) discusses the
assumptions behind this interpretation of 1V

» Let the instrument Z be binary; then we have two possibilities for D
for an individual, D; and D; depending on the value of Z

- We have the following potential outcomes

I Y@1)irD =12=1
Y,(10)if D,=1Z =0
Y(0,1)if D.=0,Z =1
L y(0,0)if D,=0,Z =0

Y(d,z)=

e\
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» Assumptions:
* Independence of the instrument
(YD, 1), Y,(D,,,0), Dy, Dy ) N Z,
 Exclusion restriction

Y(d,0)=Y(d,1) for d=0,1

* First stage
E(Dli _DOi) 10

« Monotonicity
Dlz’ -D Oi3 0,%"

* LATE Theorem: Under the above assumptions (IV=Wald) and

— E(Yz |Zi :1)_E(Yi |Zi :O) —

= EY, -Y. |D,.>D,
v E(Dllzl:]_)—E(Dllzl:O) ( 1i Ozl 1 Oz)
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S0, under the assumptions, IV estimates
E(le - YOi |D1i > DOi)

* This Is the average treatment effect for a group defined by the
condition

Dli > DOi
« Since D; Is zero or one,
Dli > DOi <:>(D1i ::LDOZ' = O)

* Then this is the group of individuals for whom the instrument
changes the treatment

13



(Remember: Heckman’s general selection framework)

» We follow here Heckman and Wtlacil (2005, Econometrica)
» Selection model with two potential outcomes

Yo = my(X,Uy) = my(X) + U,
Y, =m((X,U;) = m(X)+U,
D =m,(2)-U,

I 1if D" 30

T 0 otherwise
Y =Y,D+Y,(L- D)
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« Main additional assumptions
(i) m,(Z) nondegenerate conditional on X
(if) (Uy, Up, Up) N Z| X
(iii) U, distributed continuously

* The first two are standard IV assumptions

* The third is for simpler exposition

 There are other technical assumptions that | omit here for simplicity
(refer to the paper)
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« Treatment effect definitions
(@)D" (x)=E(D|X=x), whereD=Y, - Y,
i)D" (x)=E(D|X=x,D=1)
(iii)) D"V (x)=E(D | X =x,D=0)

 The paper argues that all treatment effects in the literature are
functions of the following treatment effect

(iv) DMTE(X! u,)=E(D|X=x,U, =u,)

* This iIs the Marginal Treatment Effect
A small value of ug is likely to produce participation, a large
value is likely not to produce participation

16



* The MTE is the limit form of the LATE, for an infinitesimal change
In the instruments Z

 Another way to see this is that the LATE integrates MTE from an ug
equivalent to z’ to one equivalent to z

* In doing so, It assumes the referred monotonicity assumption, by
which when z increases no one drops participation but some people
start participating in the program

* The MTE can then be estimated as a Local IV (LIV):

DL OE(Y | X=x,P(Z)=p)
op

(x, p) =

17



Example: Childbearing and Labor Supply

« Angrist and Evans (AER, 1998)
 Research on the labor supply consequences of childbearing is
complicated by the endogeneity of fertility
 Parental preferences for a mixed sibling-sex composition (i.e.,
parents of same-sex siblings are more likely to go on to have an
additional child) are used to construct IV estimates of the effect
of childbearing on labor supply:

« A dummy for whether the sex of the second child matches the
sex of the first child provides a plausible instrument for
further childbearing among women with at least two children

* They also use results generated using twins at second birth to
construct instruments

* They are also able to assess the time it takes for the labor-supply
consequences of childbearing to disappear

« Data come from the Census Public Use Micro Samples
(PUMS), 1980 and 1990 .



Tarik 3—Fracrion oF Fasiuies Tuat Hap AnoTHER CHILD BY PARITY AND SEx oF CHILDREN

Al waommen Murried women
1980 PUMS 1990 PUMS 1980 PLUMS 19940 FUMS
. (649887 observations) {627,362 observations) (410,333 phservations) (477,798 observations)
Sex of first child
m farmlies with Fractsm that Fruction that Fraction that Fractsm that
O OF e Fraction had another Fraction had another Fraciion had another Fraction had another
children of sample child of samiple child of sample child of sample child
(1} one girl 04588 (644 (1489 0.665 0.485 (7200 0487 0.698
[I:I-.fﬂ]} If[’l.fﬂ]jl [['I.M]j m.l]ﬂl 1
(2} one hoy 0512 (h&04 511 (h&h7 515 (T 513 {1600
(0L ) {0 g i {0001
difference (25 = (1) Y] 02 . el 0001
- (0D - LRI LCLELITIN] {000 )
A1 warmen Married women
1980 PUMS 19940 FLIMS 1980 FLIMS 19 PLIMIS
{304 B35 observations) (380,007 chaervations) (254, 654 observations) (301 5858 observations)
Sex of first two
children in familics Fragtion that Fraction that Fraction that Froction that
with two or more Fraction had aiber Fraction had another Fraction lead another Fraction hacl anather
clilidren of sariple child of sample child of sample child of sample clhild
one boy, one girl 0,454 0372 (b 495 344 (453 346 0497 0,331
(LN LRI {0001 {CLAHRE
twn girls 0,242 L.44] (241 412 0,239 (425 0,239 0,408
(LY el {002 (OLINEZ )
Paio binys (). 254 (423 (264 (Al (. 266 (.40 264 0,396
(0002 (0002 {0002 (00002
(1) ome boy, one 0494 0372 LA495 344 494 11346 0497 0.331
girl (000 {00y {0,001 (0.0 )
(2 bh same sex (). 506 (432 {505 {407 (. 5306 (414 11,503 0,401
(0000 {0001 {000 ) (0N
difference (2 — (1) LI o 0063 o L0GE o 0070
(LY (L0 {0LEHEE ) {ChAWN2
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Motes: The samphes are the same as in Tabde 2, Stamcland emors are reported in parenibeses,



TagLE 5—WaLn EsTimates OF Lagor-SUpPPLY MODELS

1980 PLIMS 1945 PLIMS 1980 PUMS
Wald estimate Wald estimate Wald estimate using
Mo using as covariale: Mean using as covariale: s covariake
dilference Nwnber  difference Niurber Mean More Number
by Same  More than i by Same  More than i dhifference then 2 af
Variable sex 2 childrens  children sex 2 children children by Twins-2 children children
Mare than 2 010600) B B 00628 B 06031 B
children (L0 &) (000 ) (CLDE S
Nunrber of 0.0765 B B 0.0836 B ) 0.8094 B B
children (0O026) (0.0025) (0.0 39} '
Worked for pay  —0L0080 —0.133 =, 104 —0.0053 —0.084 -0.063 —0.0455 L] ~0.057
(L0 &) {.026] (0021} {0.ERL ) {0.024) (.018) (CL0SG) (014) (L 1)
Weeks worked —(IR26 —f 3R —5.00 —L 3253 —&, 13 — 3,57 —1.9%2 —3.24 — 245
(0.0704) (117 (092 (0.0743) {(1.17) {0.58) (0.386) (63) (0.47)
Honwrswesk =03110 -5 1R —4.017 —0.2303 =376 -2 83 —1.979 —3.28 —-244
(00602 i 1.00) (0LTE) (00620} {0.98) {0.73) (0.327) {0.54) (0400
Labwr [Hoote - 1325 = 2208 8 =1T32.4 = 1194 = 19014 = 14280 =5T0.8 — 9.4 7052
(34.4) {569 2) {446.3) 42.4) {670.3) {5072.6) i 186.9) {3086} (229.8)
Ind Fenniily UL E =029 =023 ~0LES =), 136 =102 —0i341 =057 —(ig2
fncome) (0.0041) {0.068) 0.054)  (0.MT) (0.074) {0.056) (00223} (0.037) {0027y

MNates: The somiples are the same as in Table 2. Standard errors are reported in parentheses.

20



The following regression models are used
to link labor-supply variables for husbands and
wives to the endogenous More than 2 variable,
x;, and the lList of exogenous covariates, in-
cluding additive effects for the sex of each
child:

{""1'] ¥ = ﬂ:a“r + 4 SR + (a8 + ﬂJ:,; + &,

where w; is a vector of demographic variables,
and s,; and 5,; are indicators for the sex of the
first two children of mother i. Initially, w; is
limited to varables that are clearly exogenous
to fertility: mother's age and age at first birth,
plus race and Hispanic indicators. In the just-
identified model where Same sex is the only
instrument, the first-stage equation relating
More than 2 children to sex mix is

(3) X; = WoW; + WS + Waky

+ y(Same sex; ) + n,,

where vy is the first-stage effect of the
instrument.
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TasLE 5—0LS EsTiMATES OF More THAN 2 CHILDREY EQUATIONS

All women Marmied women
Independent variable (1) (2) (3) (4) (5) (6)
1930 PUMS
Bory lat - =LA 0.0001 . =0.0111 =0.0016
(0001 5) (000213 (D18 (0.0026)
Bay 2nd . —0u0E1 . —0L0095
(0001 5) - (0.0018) -
Same sex OGO 00617 o 00675 00694 o
(0.0016) (0001 5) (00019 (0.0018)
Two boys . L 0.0536 - - 0.0598
(0.0021) (0.0026)
Two girls _ _ 00658 . - 007849
(0.0021) {0L0026)
With other covariates i) Ves VEs o Ves ves
R 0004 (.084 0084 0.005 0.078 0.078
1990 PUMS
Bay st . =0L0081 =0.0083 - —0,0097 =0,0086
(0,00 15) (0.0022) (00017 (0.0024)
Boy 2nd . 0002 . —_ —00011 o
(0.0015) (00017
Same sex 00628 (0.0623) . 0.0702 00703 —
(L0016 (0LD015) (001 8) (00017
Twe boys - o 0.0624 - o 00652
(0.0021) (00023 )
Twer girls . . 0.0621 . o 00714
(0.0022) {00024
With other covariates no yes yes no yes yes
R* 000 0082 0.082 0,005 0082 0.082

Noves: Other covariates in the models are indicators for Age, Age af first birth, Black, Hispanic, and Other race, The
variable Bey 2ad i3 excluded from columns (3) and (6). Standard errors are reported in parentheses.
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TaBLE T—0OLS anp 25LS ESTIMATES OF LAROR-SUPPLY MopELs Using 1980 Census DaTa

All woomen Married wonmen Hushamds of married women
(1} (2} (3 (4} (5] (6} [7) f.1] (9
Estimation method QLS 2508 I5LS OLs 2518 I81LS OLs S5Ls I5LS
Instrument for Maore than — Same sex Twa boys, - Same sex Too boys, -— Saree sex Toe by,
2 childrien Twao girls Two girls Two girls
Dependent variable:
Waorked fiar pay 0076 —0A20 =013 <0067 0120 ~0113 ~D008 000 0,001
{0002 (0L025) (D25 (0.0 (0.028) (0L02R) (L0 ) LLER L L] (DR
[ol3] [ 3] 3]
Weeks worked -R.57 = 5.6 =537 —R.A05 =540 =5.16 —{1.82 L4 145
(AT (111} (110 () (1,20} (1. 20} (0.0} RN (54
[o17) a7 [0u030]
Howrs'week —fubh —i,54 —4.37 —&02 —4,81 —d 61 0.2% (.56 (.50
(0.06) (D95} (0.04)  (0.08)  (1.02) (LO1) (D05}  (0.TO) (0.69)
[0.030] [0.049] [0.71]
Py p— CITERD 10605 — 18704 31657 13448  —[3212 15055 12481 @ -13823
(354)  (41.5)  (5385)  (420) (569.2) (565.9)  (103.5) (1397.8) (13889
[0 1260 [0 (0544
Ind Family income) =1, 126 S UULEH] —{L45 =132 =051 —.053 - —_ _—
(0.004)  ((064) 064y 0004 (0.056) (0.056)
(305 [0.743)
In{Non-wife income) — — — —.053 0.02% 0lé - — —
(0005)  (D.066) (0.066)
[0.297]

#otes: The table reports estimates of the coeffickent on the More than 2 children variable in eguations (4) and {6) in the text. Other covariates
i the models are Age, Age ar first Blreth, plus indicators for Boy fsn, Boy 2rd, Black, Hispanic, and Otfer mece, The variable Boy 2nd is
excluded from equation (6). The p-value for the test of overidentifying restrictions associated with equation (6) 15 shown in brackets.
Standard errors are reported in parentheses,



TapLe B—0OLS anp 2515 Esrmates oF Lagor-SurrLy MopeLs Using 1990 Cemsus Data

All women Married women Husbands of married somsen
(1) (2) () (4h (3] (&) (T () (=
Estimation method OLs 2518 2508 QLS 2518 2818 LS 2518 ] I
Instrument for More — Same sex Twe bovs, — S gex Twer hovd, - Sairee xex Fwve o,
flam 2 chilidren T girls T pirls Two ginls
Dependend vamable;
Wrkedd for pay —(L155 0,092 —0.052 =147 —{0. 104 =0, 104 =i 102 0.7 0T
(0002) (0.024) (0024 (AN} (0.024) (0024} (0.001) (OO0} i O
[0.743) [(0.576] [ LS5
Werks worked —5.71 —5.66 —5.64 —B.25 —3.Th -3, 76 — 1.3 1.0l I,
(008} {1.16) (1.16) (0.09) i1.15) {1.15) (0.05) {0.63) i0.63)
[0.391] [0.670] [0 T0E]
Hoursdweek =i, #l} =4 0 =410 =39 =394 =395 (L .85 .83
(LT {0.98) [0.98) (0L i) {0.96) (0% {0659 (045
[0.489] [0.665] [0 180
Lahor income —3tEd a4 —HEGG —20FG2 37539 4575 — 24563 4297 [ 2487 13348
(44.2) (B64.10) (663.5) (50,7) (669.7) (6697 (1149 (1536.0) [1535.9)
[(.530] [0.893] [11]
Ini Famaly o) —11e -0 0122 -3 —-005 —.054 - -
(005} (0071 (0.071) (0004 (0u0E ] ) {0.051)
[0.270] [D.BTE]
I Aor-widfe fnooume) — — -— — (0.0 (L 0030 - — -
(0.005) (6 ) {0.068)
[0.452]

Mares: The takile reponts the coefficient on the Mose Shan 2 childven variable in equistions (4) and (6) in the ext estimated with 1990 Censos
data, Other covanales i the models are Age, Age af first birth, plus indscators for Boey [st, Boy 2rd, Black, Hispanic, amd Other race. The
variable Bay 2nd is excluded from equation (6), The p-value for the test of overidentifying restictions associated with equation {6) b shown
in brackets. Stasdard creoes are reported in parciatheses,



TasLe | 1—Comparisios oF 2518 EsTivates UsinG Saue SEx aMD Twins-2 [NSTRUMENTS

I= 1980 Cexsus Data

Adl waimen Married women Husbands
hlodel (1 ] (2} (1) (2) (1) (2)
Instrument for
More than 2 children Same rex Twins-2 Seame sex Twirns-2 Lame sex Twing-2
Dependent variable:
Worked for pay —0.125 =0.079 —0.123 —(.087 0.004 —(1.001
(0.026) (000135 (02 (0017} (0009 (0.005)
Weeks worked —5.82 — 364 —5.47 —4.11 .65 —0.35
(1.15) (0.60) (1.23) (0.72) (0.61) (0.36)
Hoursfweek =4, 76 —3.33 —4.91 —3.49 0.57 =149
{0.98) (051 (1.03) (0617 (071} (0,42}
Labar income —1961.7 —12622 —1320.8 —1453.1 - 11948 fl6.8
(560.5) (292 8) (579.1) (339.8) (1421.4) (836.9)
Ini Family income) =021 =0.071 = {049 —1L025
(6T (0.035) (0LO5T) (0.033) o o
Ini Non-wife income) 0.026 0.051
o T (0.068) (0040 o e

Notes: The table reports 2515 estimates of the coefficient on More than 2 children in equation (4) in the text using Same
sex and Twins-2 as instruments. Other covariates in the models are Age, Age ar first birth, ages of the first two children,
plus indicators for Boy 51, Boy 2nd, Black, Hispanic, and Other race. Data are from the 1980 Census. Standard errors

are reported in parentheses,
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What have we learnt?

* |V enables taking into account time-varying unobservables in
estimating treatment effects
» However, it is demanding on the conditions for suitable instruments
(problem of weak instruments, exclusion restriction)
« However, in an heterogeneous effect world, it estimates a very
specific treatment effect (under restrictive assumptions)
 Estimating the MTE and building the TE of interest from there
may be the way to go (but not very popular to date in the applied
literature)
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Problem Set 4

Exercise: Follow the instructions in chapter 15 of Khandker et al
(2009). You should produce a do file and a log file, which should be
commented to show that you understood the results. These should be
emailed to the grader (Matilde Gréacio): only one email per group,
please.

Note: We should be able to run the do file on a computer given the
original datafile and produce the raw log file.

Due date: Tuesday, March 15.
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