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Instrumental variables 

lnstrumentalvaroab!es 

Twostageleastsqu•res 

Pra,ctiullVTips 

Example 

Hde<oger>eityandtl>eLATE 

lmp,erfect (ompliance 

Instrumental varoab!cs 

Whcn1s 1Vuscd7 

ln,trumenta l va,iablesmethodsaretypica ll yuscdtoadd,eso thefollowingkindsof 

problems 

3 Simul!>r>eitybiH 

4 Rew=cau .. lity 

5Random i,edcontroltrial,w,thnoncom~ iance 

Demand and supply curwesare un1denul1ed 

• Youc.on 't,implelool<atcorrelat,o,,,b<tweenpriceandquant itytogetelasticity 

cf demand 

• Tl>epairsofquantityandpriceareequili b,iumvalucs andthe,eforedon 'trellect 

thedemandort hesup!)lycuf\le 

Equilibrium 

p• -

Q· Qua tity 
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Quantity 

, Som.ihingthatshift,onlyoo,ofth,curvM andt,ac,..th,ot..,, 

Quantity 

For now """"mc Const;,nt trc;,tmcnt effects 

o Constanttr,at=nt~ects{ i • .. /3 i<cc>nSlant >erossallind ividual units) 

Our '""""I model Returns to schooling ;,g;,m 

0 ·nHt+~ 
:~:~e,~o,i<(~i:::"::~::::•:::k~hooling, Ai< unobser.ed ab.lity, and ~;. the 

Our causal model Returns to schooling agam 

' 



1 model Returns tu schooling ;,g;,m 

ow can IV be used tu ubtam cuns,stent e,mnmtes7 

CC>'{Y,Z) G CC>'{o +6S +1A + i,,Z) 

uwcan1Vbeusedtoobtamcons,stentesumates7 

CC>'{Y,Z) = CC>'{o +6S +1A + i,,Z) 

• E[(ci+t1S+7A+v)Z]-E[<> +t15+ 1A+vlE[Z] 

uwc;,n IVbcusedtoubt;,mcons1stent cst1m;,tes7 

C""{Y,Z) = CC>'(ci +65 +1A + v, l) 

: E[(<>+tl5+7A+v)Z]-E[<> +t15+ 1A+vlE 

- {oE{Z) - ciE(Z))+6{E(SZ) - E(S)E(Z)I [Z] 

uwc;,n Vbcusedtoubt;,mcon51stcnt cst1m;,tes7 

C""{Y,l) • C""(ci+6S+1A+v,Z) 

= E[(o + tlS+1A + v)Z] - E[o + tlS + 1A+vlE 

• {oE(Z)- oE(Z))+ 6{E(SZ)-E(S)E(Z)} [Z] 

+1\E(AZ) - E(A)E(Z)) + E(vZ) - E(v)E(Z) 

I ~"·" : :;'.::~:~~;":.?h~• C,,,~ke)'{,v@"",c)r&i[V,¢ 2 
- {oE{Z) - oE(Z))+6{E(SZ) - E(S)E(Z)I Z] 

uwc;,n IVbcusedtoubt;,mcon515tcnt cst1m;,tes7 

CC>'(Y,Z) - +7{E(AZ)-E(A)E(Z))+E(vl)-E(v)E(Z) 

-,,.,Co.(S . Z)+'fCo.(A,Z)+C""(v,Z) 



How can IV be used to obtam cons1stem e,mmates7 

CC>'{Y,Z) = CC>'(o +5S +1A + i,,Z) 

• E[(<>+t1S+7A+v)Z]-E[<> +t1S+ 1A+vlE[Z] 

= {oE{Z) - oE(Z))+5{E(SZ) - E(S)E(Z)I 

+7{E(AZ)-E(A)E(Z))+E(vZ)-E(v)E(Z) 

CC>'(Y,Z) = tlCC>'(S . Z)+ "f CC>'(A,Z)+CC>'(v, Z) 

· €2;:] # O, , lnstrurn,nt ;., ~ 0< "firSt <tage" oxists. S andJ._ are 

How can IV be used to obtam consistent estimates? 

C""(Y,Z) • C""(<>+t1S+ 1A+v,Z) 

= E[(o +tlS +1A+v)Z] - E[o + tlS+1A+vlE[Z] 

• {<>E(Z)- <>E(Z))+ tl{E(SZ)-E(S)E(Z)} 

+1\E(AZ) - E(A)E(Z)) + E(vZ) - E(v)E(Z) 

C""{Y,Z) = JCo.(S.Z)+"IC""( A,Z)+C""(v,Z) 

• CC>'(S.Z) # O: ln~me91 is,elrvant 0<"firStsUge"oxists. SandZ aro 

How can IV be used to obtam consistent estimates? 

How can IV be used to obtam cons1stem esllmates7 

Instrumental variables 

Twostagel<ast 59uares 

Pra,ctiullVTips 

Eumple 

Hete<oger>eityandtheLATE 

lmp,erfect (ompliance 

Re-cap 

Instrumental variables 

Two<Ugelea<159uare< 



Two-stage leastsqua,es 

• The tw:,-stage least sq"aros ost,mat.,_. .,., de,,eloped by Theil {1953) and Basman 
(1957)indep,endendy 

• Other, include LIML. the Wald ostimato,. ja.cknive IV, two .,mple IV. and mo,e 

Two-stage least sq uares concepts 

• Cau»lmodel. Som<t imescalledthestructuralrnodel 

~ .. 
• First-stagereg,....,,,Gets thenamebeca"seoftw:,-stageleastsq"""" ,.. 

t "'"CE +' ~ S, 
• Seco,nd-stageregression. Noticet he fitted,~lues. S: ~ 

Y, - /l+OS;+v; 

• Reducedfo,marogrettionof Yoototheirt<trument 

Two-stage least sq uares Est ,mato,- I 

Two-stage leastsqua,es Est,mato, I 

h Cov(Y,Z) 
IV • Cc-.-(5,Z) 

~ 
a 'l'!/,l' 

Cakulatethe ratio of "reduced fo,m" (~} to "first stage" coefhdent (p} 

Two-stage leastsqua,es Est,mato, II 

Two-stage least sq uares Est ,mato,- 11 

S1 • 1 +pZ1+C, 

S°= 'i+PZ 

6:, _ Cov(S°. Y) .,. - ~ 

Cov('y+(iZ.Y) -
- VM(';+j/Z) ~ 



Two-stage eas 

Recall 

Two-stage 

Recall 

Two-stage cas 

Two-stage 

s Estimator II 

~ 
S= 'i+PZ 

,arcs Est ,mat<JT 11 

S; • ;- +pZ1+(1 

Est ,mat<JT II 

Cov(Z,Y) 
3,,. • pv~r(Z) 

a,es Estimator II 

LS 

Cov(Z . Y) 
6:,.., = fiV~r(Z) 

Cov(Z.~ 
v¥(z1 



Esumallonwllh software 

l • ~:.i• 1::;~~~ 7::~•~u:~:~:::; :;~ .. :,~ ::; and lir,t stage coclhc;,n,s 

• Whilo ;t it>~> 1oo<1 iMa to rnn u, ... .._, ,.,,...-.don't com1>ul0 :,,,u, IV 
estl mateth<>w~ 

• Oftenth<u><t hat>p>tte<nofm i»ingdataw;lld ill«""-'Y•ndS 

• Wh>tioth<,undo,do,,o,o/6,., in thio <>><' 

• Aooth<r i, tofind th<fitted ,a luesvaluesof S and run the rC3rcssion withth<m ~ '/ Co~lM ; 
• Whilo it it•~• 1oo<1 iMa to'"" thit ,og,""°'"' too (tho ~"'t <l>g•) . dc.> 't 

computc:,,,ur lVest,mat<t h"w~ 

Est,mat,onw,th software 

lnstrumcntalvanab!cs 

Twost age l.,.st squ a,cs 

PrKtica l lV Tip,; 

Example 

Hetc<0gcr.city andth<LATE 

lmp,orfectCompliaoce 

Re-ca p 

Instrumental variables 

Weakmstmments 

• A..,..k instrument is<>nethat;SJIOtstrongl~corrclated w,th th<cndogcJIOUS 

sariablcinthcfirststagc 

• Thisc.anhapp,oniftOCtwovar iablesate indep,ondento,tOCsam pleiss.ma ll 

• lf)'O<lh•"'>W<'>kin<trument.thecureendsu p beingworse thanthed i,..>>< 

Wcakmstrumcnts 

lf Ccv(S.Z) i,s.ma ll.thcn,t '"bk>w,..up" tOC1(Cos{A.Z)+Ccv(,1.Z)} tcrm 



lnstrumentalvaroab!es 

Two stage least squares 

Pra,ctiullVTips 

Eumple 

Hete<oge...,;ty andtheLATE 

lmp,erfect (ompliarice 

Instrumental vanablcs 

P,~icallVTips 

Lookatthcrcduccdform 

Reportthelorststage 

''"°"'~""' "'"'""'""''"'~"="""~'m''"='<>I ~7Eo ~ ~11?4{) 
o [}(,.,.itmal«oen>el 

3- ~ Syoo .. iditwa, b<...d ,but wewanttostil l Stt it 

lnstrumentalvaroab!es 

Two stage least squares 

Pra,ctiullVTips 

Eumple 

Hete,oge...,ityandtheLATE 

lmp,erfect (ompliarice 

lnstrumcntalvanablcs 

Eumple 



lime Use and Labor 
Productivity, The 
Returns to Sleep 

C7Gbsonand~~ 

Question 

How does sleep affect 
productivity and wages? 

Sunset time instrument 

• Werequireexogenousvanat>onin sleep 

• -p~'111111>"l> 
:..::---

j,.~ ·© 
-#~ 

~? 
• Claims ""'~ 

• Earlierlocalsunsettimecausesklngersleep le 
• d!!;i: co-vary with unobserved detem,inant• -iVA{(b O ~ 

Sep-2323:49 .-----









Sunset time instrument: 
relevance 

• Ear1iersunsetleadstoeat1ierbedt,mes 
(Roennebefgeta12007) 

4 WorkstarttimesdonotrespoMto~ 
(l-lamem,esh et al 2008) 

• Thefeforeearliersunsetincreasessleepdurat,on 

• Maximum~difference-1 hr; 
induces-35minweeklysleepdifference 



RAWSLEEPANDSUNSETTlr.'IE 

Sunset time instrument: 
validity 

4 Un<'9''""'1g,~dwithdaylightduration 

• UStimezonestirstimplemeoted 1883 

4 Des>Qnedaroondscient,licconcerns 

Sunset time instrument: 
validity 

• Op<,m,8 ~" ,., ~=""'' lZ<b r::-J (,,,.i'11A ~ 
• Nosortm111ncf'nt1vesmoreonth1s later} ~ 
• No observed sorting (more on th is later) ~ 

,~~),., --o; .::t>(d (_-z, ~)=a 
' - ~A» l»• ,, ---- ~ ? 

)'AC.Ar-z,t7 s.<,.,ore ~ EI\JccJ&>-:,---(0 c...,....... 0 

t""'" 'i'~~ rr -Fiu.-« s ey,,,,,.,. (.,,. r,,,.lrw~6Nt A}----]) 

Instrumental variables 

Twostage least59uares 

Pra,ct iul lVTips 

Eu mple 

Hete<oge,...ity andtheLATE 

lmp,erfect (ompl iarice 

Instru mental v~ri~b!cs 

101"3 

f f'(Sc..l'O # ? J ,q,t_s E,t\J Cr-u 11e,rJ 

{___ e.tmtlJce::. P,_'Pci.Aa1rs,;ef E,·"f. _ 

rl 4tvmzvne,'16 ~ {ri~ 
GJ<Js ef(!::tciG.f<-. 



Heterogenous Treatment Effects 

• Uptothispo,nt , thee>u., l eflectwasthe .. mefo,alliadi,.,;,juaJs 

0 Con,t•nttn,,t..,ntoff«ts -.,~ - Of« , ll iun~1 

• Let's"""'trytounderstaadwhat in,t rumental .a,iablc,cstimationismca,uring if 
treatmenteffect< are heterogeoou, 

Whydow,;,ca rc;,bouthctc rogcnc,ty1 

• Heterogeneity, it turnsout, makcsl ifeinterc,ting aOOchal lenging 

• What p.oramctcr did we = n est imate u<in~ IV when there are heterogcnou< 

treatmenteffect<1 

Potent1aloutcomcnot;,t1on 

l Cf! - i', treatment status when z,3 
We'll repre«nt ootcomr g< , fuoction s h treatment <tatus <>00 in,t rument 
<tatu<. In other wads . Y;(D; - o,z, - 1 repre«nted>~ 

Sw,td11ngequa11on 

M"""frompotent,altrea tm<nt 5talus toobserved t reatm<nt5tatus 

~"' - E[rf'!I 

El~li] - The •~rage cau<>I effect af Z; oo D, 

ldent1fymgassurnp11onsunderheterogenous1reatmenteffects 

I Stable UnitTreatm<ntVa lue Assumption(SUTVA) 

2.RandomA'5ignm<nt 

4.NoozeroF i,.tStage 

St;,blc Unit Treatment Value Assumption (SUTVA) 

Stable UnitT 
lf ,!:. ~ L then D;( Z) ~ D.( Z') 

lf ~ , oo~ ,then ~ ~I\ t:" 
"-'v ~.llc'lbA1>~ 

• Poteotia l ootcomesk:.- eachpef«>ni areunrelatedtothe t,eatmeot <tatu,of 

Y..c~€) 
J:r(fn,,ttE-AJ't>~ 

{_:r,(.,~,A 
\J,E<T(l}AM. 



lndependenceassumpllon 

• It', all a~t t::rarniomnns of th• instrum•nt, in othet ,..,..d,, not tho 

l11dcpcndcncc 

1ooe.,.nd,numean<thattho/ir;t,ug,mea«n~thecausal effectofZ,on o, l E[D,IZ, =l) - E(D,IZ,=0) I' E(D/IZ, = l ] - E[d,'Z,=01 
E(D,) -d,'J 

l11dcpcndcncc 

;;;: ind•.,.,.d•nu a,sumption io ,olli<;~nt for a uuoal inte,preu tion of th• rodl>C<d 

E [Y; Z; = I[ - E [Y,IZ, O] = E(Y,(D,', l )I Z, = 1) 

-E(Y;(d,',OJZ, - OJ 

= E(Y,(D,1, 1)) - E(Y;(d,'.O)] 

Exclusion Restr1cuon 

Excl .. sion Restriction / '\J ( ?) 
Y(D,il = Y( Q.~ for •II z, z·. •nd for •II D L A lli>E;,c;. 

Y;(D,. 0) - Y,(D,. 1} for D - 0. 1 

Exclus1onrestr1cllon 

• ~:.t:n~:::: ffft r.:tion tod,f,., potenti•I ootcome; ind,,ced <>11ly by tho 

I-'.' = Y,(l.l)=Y,(1.0) 

Y,~ • Y1(0, l) • Y; (O,O) 

• Rewrite the<witchingtquation 

Y, - Y,(O ,Z;)+I Y,(l,Z;) Y,(O,Z;)[D, 

Y, = Yf + [Y,' - Yf]D; 

Y; • <>o+&,o, 

with<>o=E[Y,°J andJ,= Y,' - Yf 

Spotting v1ol~t1ons of cxclu51on 15 ~ sport 

Watchthegeaf'.'§ tum 

. :::.=:.::: f:,~.:::;h:~~: :~.~~~t";:;::~ ::::~:~ 
• :c~::::=~~ .. ~i:~~: number, (inde.,.ndence) do 001 im ply that the 

~ ~rage Causal Effecl of~ on D 

~ - 0 -

• i.~:~:,have,om•stat i>tiullyoign ifiunteflect<>ntheaverageprobabilityof 

( 

( 

DI A---

1i-



• D1 mean, instrument i,turr.edon, and o"mean,O:i,turnedoff. Wenttd 

treatmenttochangewhen·n,trumentchang 

• ~.~::::t•"" some stat istically <ign ificant .«ect on th, av,,rage probability of 

• Finally atestablea,wm ption.Weha11<edataoo_J. and~ 

Monotornc,ty 

~ ?'.;1/i!;) ~" <; Ofrxa ll i • l ...• N 

• ::::::~:.;,:.::::~~5=form<au<aleffect ofthe ~ e on an 

• ~onotonicity~uiresthatth, innrumenta l • • riable(w,,akiy)<>P<'r• te inth,<ame 
directionon all indi,idu alun its 

• lnotherword,, whi lethe in,trument mayhav,,noe/Fect onsome p<Ojlle , a ll tOO>e 

who areaffectedareaffectedinrl,e<am,,di,ection( i e .. po<iti•elyornegat iv,,ly. 

butoot b<>th) 

• WitOOIJtlTIOl>Otonicity, IVest imatorsarenot guaranteedtoestimateawe<ghted 

• •erageoftheunderlyingcausa l effect,oftlle affoctedgroup.Y,'-Yf' 

Force you™>lf lo think of monotonicity v1olat,on5 

• lnt he quanerofbin h exampleforschoo ing.th i,as,;umptionmaynotbe<atisfied 

Localaveragetrea1men1cffect 

~ :-~ of Don y ~ enlVestimat"5lhe localaverage treatmenJ.. 

Ii EffoctofZonY 
IV.LuE • EffoctofZonD 

lnstrumenta l •ariables(IV)est imand 

8/V,lATE • E[Y,(~[~l = ~t-O)j 

• E[(Y11 -Yf')D,1 -r/! • l] 

Local Average Treatment Effect 

• TheLATEparameter, is t hea11<eragecau<aleffoct ofDon Yfort""5ew""5e 
treatmentstatu, wa,changedby the·nmument , Z 

• For e,a m~. IVestimatestheav,,rageeffoct of m, litary..,.,ce on e0<n1ngsforth, 

wbpop<1lat,onwOOenrol led 1nm ilitary .. r,,kebe<;;,u,.ofthedraftbut"°"ldnot 

ha-.>ef\ledothecwi,. 

• LATEdo,,sootte llu,whattllecau<a l effectofmil itary..,.ice w><forpatriots \\ 
(~ )o,tOO>ewhow,,,ee,emptedfrom militaryser,,kefo,~ial ,easo,,. 

\ ~ \ 
I \ 

1
-J(l,'i=iUJl\._: H)l\t,;:t;t,:._"1 't&l,) 

J:.f€,:,t'c, -Fi(rE/l.)J/tg 
~&ofu&u€0~ 



• Wehav,,n,viewodtl>epropertiesollVwithheterogeoou,treatmentelfoctsl>Sing 

a-.,,,-., simple dummy endogeoou,; variable, dummy IV , and"" a.dd itional control, 

example 

o Tl,e,ntu itionolLATEgen<ralizestomostca ... wl>ere-h>v,,coot inuoos 

endogeoou,;,aroa bles andinmuments,andadditoonalcootrolsaroa bles 

LATE md suhpopil,t,ons 

The instrumentpartition< anypopu lationinto4d ist inctgrouP'l 

I ~~,: Tl>e subpo!)ulation with D,' • l and /1f - 0. Tl>eir treatment status 

isaflectedb)' t l,e;n>tr ument in t l,e"co, ,ectd i,ection' 

Suhpop"I ,t,ons of scld,rrr, 

Examplesolsubpo!)ulations 

I ~~; I only M r<>lled in the milita,-., because I was drafted otheiw""' I 
.,.,.,ldn'thav,,se~ 

2. Alway<tal<.er<: My bmilyhav,,alw>ysser,ed,sols,rw~ard lessofwl>et her l 
amd,aftod 

3.~:l'macontentiou,objectorsoundernocircum,uoceswill l.,rv,, 
ev,,njfdralted ' 

4. ~: When I wa, drafted, I dodged. But had I not~ drafted. I ""'"Id hav,, 

.. ~ . lcan"tmakeupmymind 

Monotonc,ly Ensures lhlt there ue r,o def,ers 

• Why;,; itimportanttonotha_.defiers? 

. ~::~ :,;~ .:.:.~~:,:-:o:hpl~~ '~= 7:"00:':'.::,:·~m;: 
'"'""""'ntandthedefi<nintO<ot..,.dir<><tion) 

• Moootoni<:ityae,,,m=tl>erearenodel~rs 

Wh ,t Dor, IV (Not) E,t,m ,tr> 

• As .. id,..,;1ha llSa....,mption, .. 1i,fiod, IVestimatesthe av,,ragetreatmenteffect 

fc.-comp/i,;r<.orLATE 

• ~itOOUt_fortl>erassumptions(e.,.,constantcausaleffocts) , LATE is not 
,nformat ,v,, abootelfoctsonnever-taker<oralways-takersbocausethe instrument 

doHnota~tl>eirtreatmentstatus 

• So what? W~ l.itmattonbecauseinmost appli<:ations,-.,.,.,ldbemostly 
,nterestod,nest,maton1tl>ea,eraget,eatmenteffectontl>ewholepopulation 

ATE - E[Y,' Yi°I 

• Butthat"sootpo<sibleu,uallywithlV 



.,,ng 

• !'::~:~::I <>utcomK framework givos • ~ subt le intcrpratatio,, of what IV 

0 
: '~, :t:.:t::~·,:":~\:-:~~:,!,"'ti>ch" "th<" cau,.I effect of D, 

: ll~~~;\~~~~~;~~::;," 
rn I v"' ,hlr, 

B,.,cidea 

Twostage lu stsqu>res 

P,~icallVTip< 

Example 

Hate<ogeneityandth<LATE 

lmpcrfect (ompliancc 

Re.cap 

imrnt ,Iv"' ,hlr, 

lmpcrfectCompliaoce 

umentalva 11 ables 

lmpcrfectCompliaoce 

Non-Compl;ar,ce ;n T«attnent Gr<>upOn ly 

: ~:i~~i~~l:~:~,~~!:::?:;;i=~~, 
• Le: :::~=~::::"'~~n:i:~·~ 
• Two;mpacts: ~ t(ITT)andt,.,.tmcnt--oo-the.trcated{ToT) 

0 rr ,t Eflrct 

nrnt fret on thr Trr ,trd 



ment Effect on the Treated 

eel on the Treated 

ent !feet on the Treated 

ment Effect on the Treated 

a mcnt Effect on the Treated 

en eel on the Treated 

0 1h, = pli anc, •• · :~·~: ::~;·~,~ith an IV (tr,atrn,nt ) 

Y; = &,+fl,C, +c 

: :~~:~~:·,:~::,on the tr.at:::~: ~;~P) 

;5.;-r,11t" 
~EJ<c-,"''""' ~m(£,t~' /w.i,I, i>ec-

/ 
l,,.,1tWL
}JU l7<k1* 
Auer.,c.-12. 
k \ 

J.TT 

1:,PiU::CIO ..,_ 
rtV<1,11:r,1twlO 

& N,1_,,tJ1<1'"70 
kl--eA'lo~4 11e1vk 

tl---11" ~c,l,7 

L, ~ Qi Ye) ~o l~-z{n1 Ui) 
Y~ \(, tf.> ;;/f,A10fc£0 



c, = 
Y; • 

• C,=c( i e,the c.,.,,pliancerateintheheatmentgroop) 

• Regressing the ootcomo on the troated yields th• ITT 

• Thu,. 8 , - 1¥ - ToT 

111,trumrnt ,Iv"' ,blr, 

lmp,orfectComplia r>e< 

..:C.,-, "ded o-compl"a oce 

Twos.de,! non rnrnplnnce 

, Two-sided non-compliance· _r=-J 
ol ridisidu•is ,nt,i.~ I : ~ 

• In : h:~:::~;i::":~ ::kof";'hec::7,,...ntsimply H somethingthat 
boostscomplia nce,arid,,ot ,. theactualrece1ptofthetroatrnent itself 

, Em•;lot,,>ur>g;n1 Po<>P"todo"°""'!hing 
, F>eeoool</ Tw,tt«/ Goot;l< ad> with ,nform•t ion 

, :::nn ~fh:;,:pc:1~: ,':. ~:::::::,:·~~f~ ::u~h:::~:: ~(t••• oc• 

, What-aro estimat,ngw,ththe JJ;r isthe impactoltheint....,cnt;,,,,1hat 

changcscomplianco aOOno< ll>eimpaclof tl>etreatmcnti<oclf 

, lfthecompl,aoce rate inthet reatment andwnt,ol t""-'!>Sisthe .. rne. -ha,e 

,,o .,,_p,o,irnentat a ll ! 

Loc,I Avrr,Kr Trr,tmrnt Effoct, 

, Thetreatmentandc.,.,,pliancepossibil,toes d<fino foorpossiblecells(a..,..ming 
that thepu rpos,ofthe tr,atmentisto inc,ea><compl iaoce) 

Loe ii Avrr,Kr Trr,tmrnt Eflrct, 

• Weaie nottyp,callyinte<ested inthe im;,actofthe inte""'ntiontoboost 

complia oce,but,a the<theim;,actofthe treatrnent itself 

, "' ,n·n,trument compl ·aoce w·thoffe<.ngthetreatment : lnsomeways th·, · 

<imply > <tandard implementationofthein<trurnontedTOT 

• Abad iea ndlmbo ... Cannotuse thisinstrurnenttou nderstandtheeffectofthe 

p,omotionon "alwayscompliers" no,onofthe"d<fie rs· 

o lnotherwords,theinstrurnontha,oofirs<-stageforgroopsthat._,.go<ng to 

comply or not comply in the aboeoceofthepromotion 

• What- est imate withthistechnique ist he localA"",age TreatrnontEffoct 

, Thisi,the im;,actofthe actu altreatment {ratherthant~promotion) . .. t imat<d 

onlyuponthos<typeswho._ro inducedtocomplybythe promotion 

Local Avera ge Tre,tment Effects 

, The ana logyto the«timationoftheToTwithone-sidednoo-compl i>n«would 

bo toinflatethe lTT«t imated from a Randomiz<dP romotiond.,;gnbythe 
diflt,ent i>l compli >n« bolw<!enthe tr .. trnont andco,11 ,ol 

, But in ord<r to do this - m,,.,, make an a..,..mption mong~r than the 

'Noo-lnterle<ence and Exclusion R<estriction" assumptions already laid out 

, We must add a MO<>otonicity assumption koown as the "No ~ i~rs" assumption 

, The,~a,,on - need this a<Sumptionisp,ecisolythe hetorog• n•ityof impacts 

, Und~r hornogenoousim;,act,; andtheexdusionr«u;<tion, ifthefractionofDefier, 

and Compliers in the sa mple wero <GUal. we could not hav,, a treatment effect 

N.-. [)<>f,..,< >« ,.,,ron 

• We><tthe fractionofd<fierstoze,e 

/ ---1 :J::: u~ rt 1 -v - '---'"'-- I 1 

1' ~ 16 t? ;c/fJ11)cmJ:,,c) 

ll_ Vf~~~A/A 

- vs 
II _ VAi 11>t-~ 

b;retz/J.4 



Local Average Tre,tment Effects 

• WecanwritethelTTa,aweightedaV<"rageofoutcom<"<inthefourc.-lfs 

Loe ii Avrr,Kr Trr,tmrnt Eflrct, 

• We can .,,itethe ITT••• weightedaV<"rageofoutcome,1nthefourcel~ 

JjJ = ~cE[Y,(T, = I , C; = l) - Y,(T; = 0; C, =I)] + 

~AT EIY,( T, - l;C; - 1)- Y,{T; - O;C, - l )] + ............. ...,. .... .,,.""( ........... ) 
~NTE[Y,{T; • l;C, • 0)- Y;(T; • O;C, • O)I+ 

~oE [Y(T, • LC, • 0)-Y,(T; • LC, • 0)1 

- @ IY,l7::~~=~~o, C, • i)J _ 

l•I 

Loc,I Avrr,Kr Trr,tmrnt Eflrct, 

• Pr~em: lcantellthefractionolcomplier<inthep0pulation(byc<>mparing 
uptal<era t<"<int,eatment,elatiV<'IO thec<>nt,ol) but I cannot t~ I which 

irtdividual•-•irtd~tocomplybytl>epn>motion 

• ThisLATEmaybe ,nW<'<\•ng(ifthep,omot,oois area l pol,cythatisbe<ng 

,;on,;d,,ed,o,~basedoffofp,ice•ar i>tionthatwew,llreallyob!ierve) 

Local Average Tre,tment Effects 

/mbens: Repo,1jng1h,:k>eaJa.-erag• r~•1merr1ofk<:r,solely;orincombina,;,,,, 

with boondsorpoinl estimates (or rhoovna//averageba>ttlooadditkmaf 

a«umption<. js rhus emphatically rn,: mcrjvalM by • cfa;m rha r r/1,, k><a/ 

, .,,,,. rrear=nr ofk<:t is 11>,: sci< or p,,ma,y •ff«t of intor .. t. Rarher. j/ ;, 

mc1;,,1M by• sobor •==t that .. rimae .. (or other wbp<rp<,laticns do 
nothaV<'tl>esa=intomalva/idj1y,andbyanattemp1roclarify..,l,atcanbe 

karnedfromth,:d,rainrh,:absencoofkktrtif,Ca,;,,nofrhopopul>tion><-er>go 

h,sttt11nentalva11ables 

lmp,e,fectCompl,ance 

Ar,;LATEs PolicyReboant? 

Whrn "" LATE, wh rt Wf' w int to mr ""'" > 

• Apricerandomizationwher,theimplemonteriscon,ideringa,angeofdiffer,nt 

p,ices/subsidie5 artdtheexpe,imenti ndude,the,elevant,an~(th isdesign5till 

on ly g~ the margin al impact a rtd r,ot the impact on the whole client pool) 

• Eligibilityrartdomization 'on the bobble'wher,thequestion answered is the 

imp,ctolextendingaccessonthe e lig ibilityma,gin 

• Arandomizedp,omotion interv<entionwher,atechnologyisu ni,,.,,.. lly avai lable 

butnotwidelyadopted , sothe,elevantpolicyquestionistheeffectolexpanding 
uptakethrooghado;,tion ,enhanc ing interv<ention, 



When ate LATEs NOT what we want to measure7 

• A price iocenti.,. random,zation ;n • context whe,e the pro-duct;, pro-,ded by the 

pri,atemarketand theprkes inthe,tudy.,mneverbeobsec.«1inreality 

• Random izedpromotioncampaignwheret hepromotioni,soexl'"n•i,e that it 

yield,agroupofbenefkiarieswhowouldaeve, taket heproduct;nn,a lity 

• LATEo, IVbas,,donvariationthatseloct<an<>dd..,mplethat;,not 

r,presenta tiveofthe implem,ntationpopu lat ion( e g .. !Haton', earthquakes 

example) 

111,trnm~nt 11 v m ,hi~• 

Two stage least squares 

PrKti<:allVTip,; 

Eumple 

Hewoge,...;ty andtheLATE 

lml'"rfoct (ompliarice 

Re-cap 

111,trnm~nt 11 v m ,hi~• 

Re-cap 

L,kelysoutceofOLSbns7 Exclus,onreslroU,on7 F11ststage7 

• V>elnamdraftlotte<y 

• JobTra iningPart,...rsh ipAct(JTPA)raodom izedt,ial 

• Slopeol land 

Whenos1Vuse<l 1 

3. s;mult.,...itybias 

4R"""™'cau.., lity 

5.Random izedcootroltfial,withnoncom f>! i• oc• 

111,trnm~nt 11 v m ,hi~, 

• lnstrnmental variables offefS som, hop, at ,KO\lerin11 the cauul ~ foct of D o,n Y 

• Thebest inmum,ntscome fromdeepknowledgeofimt itutiQn~ (Angrist 

and ~ 

• Certaintypesofnatu,al0<1>"rim,ntscanbethesoo rc.ofsuchc>pp<>rtunit ies and 

maybe useful 




