Samada 1

[Ipungaro cunTaTh, YTO MHHOBAIIMY — KJIIOY K SKOHOMUYECKOMY POCTY, & XOPOIIO paboTarorias
HaTeHTHas CUCTEMa — 3aJI0I HAJIMYUA aJIEKBATHBIX CTUMYJIOB K MHHOBaIusAM. B 1mocietrnee Bpems,
OJTHAKO, Pa3/IaeTcs Bce DOJIbINE TOJI0COB, YTBEPKIAIONIIX, YTO MATEHTHI MOT'YT HE CIIOCOOCTBOBATD
UHHOBAIIAAM, a HA0OOPOT, MPENsATCTBOBATh UM. JleficTBUTEIbHO, HAJIUYNE TATEeHTa Ha N300peTeHre
X MOXKeT HpPEeNsITCTBOBATH MOsIBJICHIIO HOBBIX M300PETEHUIT, KOTOPhIE OCHOBBIBAIOTCS Ha n300peTe-
HuM X WIK YIy4IIaloT €ero — 0COOEHHO, €CJIA MPOIECC TOPra OTHOCUTEIHHO JIMIIEH3MOHHBIX OTYUC-
nernit neacppextusen. B crarne 2015 rogal skonomuersr Annbepro Famacco m Mapk Illankepman
UCTIOJIB3YIOT SKOHOMETPUUIECKUIl aHaJIN3, 9TOOBI OTBETHTH Ha BOIPOC, JIEHCTBUTEIHHO JIM HAJIMINE
[ATEHTOB 3aTPY/IHSIET TOCIEIYIONIe NHHOBAIIH. ABTOPDI UCIIOIL3YIOT 0a3y JTaHHBIX BCEX CIyIacB
[ATEHTHBIX AuCIyToB B anesanuoraom cyae CIIIA. B kadecTBe 0OCHOBHOI HE3ABUCUMOI IT€PEMEH-
HOI paccMaTpuBaeTcd OMHApHAs TepeMeHHasg O TOM, ObLT JIU JIAHHBIA TATEHT aHHYJIUPOBAH CYJIOM
(Invalidated;). B kadecTBe Mephl TOCTIEYIONMX HHHOBAIMI (MHHOBAIINIT, KOTOPBbIE OCHOBBIBAIOT-
csl Ha U300peTeHNH, KOTOPOe 3allUINAEeT JIAHHBI MATEeHT) UCIOIb3YeTCs KOJTMIeCTBO IIUTUPOBAHMUI
JIAHHOTO [IaTeHTa, TIPOU3OIIEIIINX nocae penenus cyaa (nepemennast PostClites;).

1. O6mbsicaute, nmovyemy npoctasi perpeccust PostClites; na Invalidated; He MOXKeT JaTh OTBETA
Ha BOIIPOC, IPEISTCTBYIOT JIN HATEHTHI ITOCAEIYIONINM NHHOBAIIAAM.

2. YroObl mIpeosioieTh TPYAHOCTU, OMUCAHHBIE BAMHU B IYHKTE 1, aBTOPBI UCIOJIb3YIOT SMIIH-
PHUYECKYIO CTPaTeruio, OCHOBAHHYIO Ha TOM, YTO paclpe/e/IeHUe HaTeHTHLIX UCKOB MEZK/y
CYJIbsIMU aleJIISAIIMOHHOTO CYa OCYIECTBJIAETCS CaydailHbIM obpaszom. O0bscHuTe, Mmove-
My Takas cTpaTerus JefCTBUTEIbHO IIOMOraeT OTBETUThH Ha IIOCTABJIEHHBIN B MCCJIE/IOBAHUN
BOIIPOC.

3. ABTOpBI UCIOIB3YIOT METO/T MHCTPYMEHTAIbHBIX IepeMeHHBIX. V3BeCTHO, UTO KasKJIbIil UCK
paccMaTpuBaeTCd KoJIIerueil u3 tpex cyieil, B KOTOpoil peleHne o ToM, aHy/JINPOBATH Ia-
TEHT W HET, IIPUHUMAETCs IIPOCTHIM OOJIBITUHCTBOM I'OJIOCOB, IIPUYEM CYJIbH MPUHIMAIOT
pertierre HezaBucuMo. VIMerorces qanHbie O TOM, KaKas KOJJIETUsl PACCMAaTPUBAJIA KAXK bl 13
caydaeB B nMeroreiicsa Beioopke. Ha ocHoBanmu 3Toit muH(pOpMAaIuu NpejioyKuTe pa3yMHbIT
uHCTpyMeHT s Invalidated;, ncmoyib30BaHe KOTOPOTO TTOMOYXKET OTBETUTDH Ha, MOCTABJICH-
HBIIl B MCCJI€JIOBAaHUN BOIIPOC.

Pemtenne 3amaun 1

1. Duuorennocts nepemennoit Invalidated; — Hanpumep, NaTEHTH HA MeHee IIeHHbIe n300peTe-
Hust OyIyT ¢ 60JIbINeil BEpOATHOCTHIO NHBAJIUIUPOBAHBI, U OJITHOBPEMEHHO MTPOU3BEIYT MEHb-
I1e IUTUPOBAHNI, & 3HAYNT, OI[EHKa B TAKOW perpeccuu OyIeT 3aHmkKeHa. B gacTHOCTH, eciin
TakKasl perpeccusi JacT HYJeBYIO OIEHKY (3, 9TO ele He Oy/IeT 3HAUNTh, ITO MATEHTHI He TIpe-
ISATCTBYIOT MHHOBAIUSIM (YTO COOTBETCTBYET MOJIOKUTEIHHOMY 3HAYEHUIO [3).

2. CnyuaitHoe pacupejejieHue Cyjeit — ICTOYHUK 9K30reHHO Bapuanuu s [nvalidated;. 9to
O3HaYa€T, 9TO Halll JaHHbIC ABJIAIOTCA YaCTHUYIHO IKCIICpUMEHTaJIbHBIMU, 9TO IIO3BOJIUT peE-
HIUTHb HpO6JIeMy QHJOI'€HHOCTU C IIOMOIIIBIO ITOAXOAANIECIO MHCTPYMEHTA.

3. Pasmble cynbu B pa3HOi CTENEHN CKJIOHHBI aHHIMPOBATH MaTeHThl. VIMEHHO 3Ta Bapualus B
ITOBEJICHUH CYJIeil JIOJIZKHA CTaTh OCHOBOI JIJId MHCTPpYyMeHTa. [1o mMerormMest JIaHHBIM MOYKHO
JJIgd KazKA0ro Cyabu ] BEPOATHOCTDb aHYJIJIAIINN ITaTE€HTa p], a 3aTeM IIOCYUTATb BEPOATHOCTD
MHBAJUIAIAN I KOJIJIETUN U3 cyfAeit a,b,c o mpaBuiay IpOCTOro OosbmIMHCTBA: FPpp . =
PaPoPe +Palb(1 —pe) + Pape(1 —pp) +pope(1 —pa). s Kazxporo maTenTa i MOXKHO PACCUUTATE

L Alberto Galasso, Mark Schankerman, Patents and Cumulative Innovation: Causal Evidence from the Courts ,
The Quarterly Journal of Economics, Volume 130, Issue 1, February 2015, Pages 317-369



Plab,¢)(i), 418 KOTOPOII IIpK pacdere p,, Py U Pe OyIyT UCHOJIL30BaHbI BCE CIIydal, B KOTOPBIX
[IPUHUMAJ yYaCTUe JAHHBIN CYIbd, KPOME CAYHAsA ¢ — WHAUe HAIl MHCTPYMEHT He OyIeT Io-
HACTOAIIEMY K30N€HHBIM. VIMEHHO 3TO M JIe/1al0oT aBTOPHI.

3agaya 2

Apnsiercs mu BpemenHoit psang zy = 1,3z,1 — 0,429 +u; — 0, Suy_y crarmonapubiM (U - GeJIblit
rrym)? Berauesmre, ecim 310 BO3MOXKHO, KOI(MMUIHEHTH! aBTOKOPPEAIMA IEPBOr0, BTOPOro U
TPEThero MOPSIKOB JIJIsi 9TOI0 BPEMEHHOI'O PAIA.

Pemenne 3amaun 2

xy=1,3x4_1 — 0,425 + us — 0, buy_q
1-1,3L+0,4L* =0
0,4L> —1,3L+1=0

D =0b*—4ac=1,69—1,6 = (0,3)?

~b+vD 1,3+0,3
2¢ 0,8

O6a kopus > 1 => mpoIecc CTalnoOHAPEH.

LLQI >L1:2,L2:1,25

V(%) =% = V(]-7 3ri1 — 0,4z o +up — 0, 5Ut—1) =

= (1,3)%v0 + (0,4)*y0 + 02 + (0,5)%0% + 2% 1,3 % 0,4 * cov(x;_1,Ts_2) + 1,3 % 2 % cov(wy_1,u)—
—2%1,3%0,5% cov(xy_1,up—1) — 2% 0,4 % cov(zy_o,u) + 2% 0,4 % 0,5 % cov(zy_9,us_1) =
= {cov(x;_1,us) = 0, cov(xs_2,us) = 0, cov(z_o,ut—1) = 0} =
= (1,3)*70 + (0,4)*y + 1,250% — 1,04, — 2% 1,3 % 0,5 % 0> =>

1,04~ + 0, 0502
0,85

=> 79 = 1,857 — 1,04y, — 0,050% => ~y =

Y1 = cov(zy, x_1) = cov(1,3x,_1 — 0,4x4_9 + 1y — 0,511, 74_1) = 1,379 — 0,47, — 0,502 =>

1,3 — 0, 502

:> =
M 1.4

Torma

1,04130=05 1 0 0562 (1 966+, — 0, 37102 + 0, 0502
T _ 0,9667 — 0,3710” + 0,050 =1, 1475 — 0,37802 => ~y = 2, 70>

o= 0,85 0,85
>y =2,800% =>,= L = 1,07
Yo
Yo = cov(my, 14_9) = cov(1,3x,_1 — 0,419 + 1y — 0,5u_1,74_9) = 1,3y — 0,47y = 2,6770° =>
—>,= 2 =, 99
Yo
v3 = cov(wy, 1_3) = cov(1,3x,_1 — 0,425 +u; — 0,5u;_1,7,_3) = 1,37, — 0,4y, = 2,3240° =>
—>y= 13— .86
Yo



Bamaga 3 2

Koneunast 1es1b aHaIM3a TAHHBIX — yJIydIIeHHe KadeCTBa MPUHATHS pereHuii. B ¢Bsa3u ¢ stum
B TIOCJIEJIHEE BpEMsl CTAHOBATCs BCe 0OOJiee MOIMYJISIPHBIME MOJIEH, B KOTOPBIX PACCMATPHBAET-
sl HETIOCPEJICTBEHHO 3a/1a9a IPUHATHS PEIleHnil Ha OCHOBE JAHHBIX, 6e3 MPOMEKYTOIHOrO Tala
OICHUBAHUS [IAPAMETPOB.

[IpeacraBuM cebe TecTUpoBaHUE HOBOTO JieKapCTBa B, 110 pesysbrataMm KOTOporo 6y1eT MpuHsATO
pelenne, B KaKoil CTEIEeHH HCIIOJb30BATh €ro B KJIMHUYIeCKOH mpaktuke. Jljist mpocToTer Oymem
CYUTATh, YTO UCXOJ JiedeHus: OMHApHBINA: nbo narpent nomnpasurcs (Y; = 1), mubo wer (Y; = 0).
[TanuenTsl, He MOJTyYAIONAE HOBOE JICKAPCTBO, Oy/yT NMPHHAMATHL CTapoe JIEKapCcTBO A, KOTOpOe
IIOMOraeT ¢ M3BECTHOI BepoATHOCTBIO (14 = 0.6. DddekT or HOBOrO JieKapeTBa (BepOSTHOCTH, C
KOTOPOIf OHO TIOMOTa€T), fip, /10 HAYAJIa UCIBITAHIN He M3BECTEH; M3BECTHO JINIIb, 91O ip € [0;1].

B ucnprrarnsax npuanMaor yaactre N ITAIMEHTOB, BCe OHU IIPHHAMAIOT HOBOE JIEKAPCTBO; JIJIsT
IIPOCTOTHI B JJaHHOIT 3a1a4e orpannanmcs N = 1. B pesysibrare ucnbITannii CTAaHOBATCS U3BECTHBIM
FCXOJT JIUIst JJaHHOro nanuenta, Y. Ecom Y = 1, goss nacesenus p; HOJBEPTHETCS JICUCHIIO HOBBIM
JekapcTBoM, ecan Y = 0, To sTa /10714 Oyaer paBHA po. Taknm 006pa3oM, IPHHIMAEMBIM DENleHIeM
siBJIsieTcst napa (po, p1)-

Perysnsitop xoresr 661 MAKCHMU3UPOBATH OXKUIAEMBIIl CPETHAN HCXOJT JIJIS TOMYJISIIIUE B TIETIOM,
TO €CTh BEJIUINHY

U(po, p1, pta, pg) = P(Y = 1)(prpp + (1 — p1)pa) + P(Y = 0)(pops + (1 — po)pra) =
= pup(prpp + (L —pr)pa) + (1 — pup)(pops + (1 — po)pa) =
= (g — pa)(pips +po(1 — 1)) + fia,

OJIHAKO OHA& 3aBUCUT OT HEM3BECTHOI'O IIapaMeTpa (g, U II03TOMY PACCUYUTATDL €€ He IIPEJICTaBIIAeTC
BO3MOKHBIM. B 3T0il cuTyarun Heolpe1eIeHHOCTH Oy PHBIMUA KPUTEPUSIMHU JIJIsI IIPUHATUS Pe-
meHnii stpistrores (1) MakcHMU3aIns CXoia B HAUXY/IIeM crydae; (2) MUHUMUABAIUS COHCANCHUA.

1. JlomycTtum, peryasitop MaKCUMU3UPYET UCXOJI B HAMXYJIIIIEM CJIydae, TO €CTh PelraeT 3a/iady

max min U (pg, p1, 0.6, tip)
pbo,p1 KB

Kaxkue py u p; emy ciemayer BeioOpars?

2. OmupejiesuM BeIUIHHY coorcarenua Kax R(po, p1, pia, ip) = max{pa, s}t — U(po, p1, tba, iB).
CoKaJleHne eCcTh pasHUIA MeXKJIy MaKCHUMAJbHON IOJIE3HOCTBIO PEryJsiTopa, 06/Ia/aromero
oJTHO# mHMOpMaIeii o (g 1 ero hakTUIeCKOi MOJIE3HOCTHIO OT IPUHATHS PEeIeHus (Po, P1).
JomycTum, peryisarop MUHUMASUPYET MaKCUMAJIBLHO BO3MOYKHOE COJKAJIEHHE, TO €CTh PEIIaeT
3a1ady

min max R(pg, p1, 0.6, ip)

posP1 KB

Kaxkue py u p; emy ciaemayer BeioOpars?

Peintenne 3agaun 3

1. Bamernm, 9TO eCiH peryaaTop Beibeper py = p; = 0, TO €ro HoJe3HOCTH OyJeT rapaHTH-
posanuo pasHa fi4 = 0.6. Ecim ke X0oTs1 ObI OHO U3 HHCEJI HOJIOKUTEIBHO, TO HOJIE3HOCTD
peryasaTopa Moxer 6piTh Menbiie 0.6 (mpu pp € (0;0.6)). Takum o6pasom, MEUHEMATIbHAS
OJIE3HOCTD PEryJIATOpa MaKCUMATIbHA IpU py = p; = 0 — €My He CJielyeT TeCTHPOBATH HOBOE
JIEKApCTBO BOOOIIE, B CHILy KpaiiHeil OCTOPOKHOCTH. DTO M3BECTHDIN HEJOCTATOK KPHTEDHS
“MakCHMIH’ — OH 3a9aCTyIO IPE/INCHIBACT HEMHTEPECHBIE YIVIOBbIE DEIICHHSL.

2TIo motusaM crareu "Minimax regret treatment choice with finite samples"by Jorg Stoye



* *
2. py =0, p; =5/6.
[Tpumeuanne: npu 14 < 0.5 y Hac mosryumsocs 6bl, uTO, Haobopor, p; > 0, pj = 1 — ecim
M3BECTHOE JIEKAPCTBO HEIOCTATOIHO HEI(MPEKTUBHO, UMEET CMBIC IIPOOOBATH HOBOE, JlazKe
eCcJT pe3y/IbTaT UCHbITanuit Heyaadubiil. CM. mosiHoe perrenue it N > 1 B pabore Stoye
(Journal of Econometrics, 2009).

3amaga 4°

[Iycrs cymecrByior L > 2 pernoHoB (MHIEKC OJHOTO PEruoHa - [), B KayKJIOM H3 KOTOPBIX
JKUBYT N yKuresiedi (MHIEKC OJIHOTrO KUTeJIsl - ). Bbl XOTHUTE OIeHUTD BusiHuEe OGUHAPHOMN TOJIUTUKH
w € {0, 1} na nepemennyio Yy. I[Ipeamonoxknm, 910 OHa UMeEET CJIEIYIONLYIO CTPYKTYDY:

Ya(w) = p + 7w + uy

IJIe U;; - HE3aBUCUMBIE OJIMHAKOBO PACIIPE/ICICHHBIE C/IyYallHble BeJIMUUHBL JIJI JKUTEeJIeH U Peruo-
noB, E[uy] = 0. Iycts 02 := V(uy].

locynapcTBo mHTEpecyeTca 3pMEKTOM MOJTUTUKH T W peliaeT IIPOBECTU KCIepuMeHT. Pac-
CMaTPHUBAIOTCS JIBa BOBMOXKHBIX Jin3aiiHa. B rmepBoM ciiydaiiHbIM 00pPa3soM BBIOMPAIOTCs % ropojia
(mpemostaraercst, uro L derHoe), n mpuMensiercs: nosmtuka Wy = 1 Ko BceM KUTeJsIM 9TUX TO-
poioB. K ocralibHBIM KHUTeIIM IpuMensiercd nojutuxka W; = 0. Bropoit pu3aitH oT/imyaeTcs: B
KazKJIOM TOPOJIE CJIyJaltHbIM 0Opa30M BBIOMPAIOTCA o JKUTE/IA (mpefmosaraeTcst, 9TO N 9€THOE), K
KOTOPBIM IpuMensieTcst nosmtrka Wy = 1 (ko Bcem ocrasbubiM npuMensiercst Wy = 0).

B oboux ciaydasix B KauecTBe OIEHKH T UCIOJIb3YeTCsI PA3HOCTb CPEJIHIX:
Zil YW . Zil Yil(l - I/Vil)
Zil Wi Zu(l - VVil)

1. Ilokaxkute, 9TO 7 SIBJSIETCSA HECMEIIEHHOMN OIEHKOW 7 JijIsd KaKJIOro U3 JIN3aiiHOB SKCIIepH-
MEHTA.

7=

2. Buramciaure gucrepcuio 7 Jjist KaxK0ro u3 ausaiinoB. Pazauvatorcs s oru? Kakoit us gm-
3aifHOB JIydie (¢ TOUYKHM 3PEHUs TUCIePCui)?

3. fdBnsiercs iu 7 COCTOATENBHON OIEHKON JI/Isi 000MX JM3aiffHOB, €CJIU N IMOCTOSIHHO, a L cTpe-
MUTCH K OECKOHEYHOCTHU !

4. dBngercs T COCTOATENBLHOM OIEHKOM It 000UX JIM3aiiHOB, €cii L MMOCTOSHHO, & N CTpe-
MUTCH K OECKOHEYHOCTHU !

Pemtenne zagaun 4
The estimator can be written in the following way:

1
_ (1) 0)y~ _
= E :%z LASY A El :%l Yu(0) =

1 1 1 0 1 1 1 1 0
T2 im0 =) | = Y+ > ) = e (1)
l il il

(2

3To motuBam crareu “When Should You Adjust Standard Errors for Clustering?” by Alberto Abadie, Susan
Athey, Guido W. Imbens, and Jeffrey Wooldridge



where the weights have the following form:

w)  AWa=w}
Vi = Y W) (2)
nL

By construction %(lw ) depend only on {WW;;};; and thus are independent of u;. Also by construction

we have the following:

i (w):1

nlL ~ i

1 1
nlL %:{ij =w} = B)
For the second design we also have the following for every I:

1 (w)
=1 4
n i ’yzl ( )

(3)

and for the first one we have the following for every [:
1
- Z(%(ll) — fyz(lo)) = 2{the city [ was selected} — 1 (5)

Define the following random variable:

& = %Z(%(zl) - ’Yi(zo)) (6)

)

It follows from the statements above that & is equal to 2{the city [ was selected} — 1 for the first
design and is equal to zero for the second design.
It follows that we have the following representation:

L1 1
P g me T 3 7)
l

il

As a result we can easily compute conditional expectation and variance:*

B [FH{Waba, (] = 7 3 o+ 7
l

1 0 2 (8)
o’y (’Yi(z )~ ”Yz'(z )) 402

V[T { Wi ki, {muhi] = (nLP =

By construction we have that E[¢] = 0; it is also straightforward to see that V[¢;] = 1. Finally we
can compute E[£&]:

Blge] = laElala] =€ |- | - -1 )

1. For both estimators we have E [7[{Wy}u, {pu}i] = 1 3, & + 7. For the second design & = 0
and thus 7 is conditionally unbiased (and hence unconditionally as well). For the first design
we can use the fact that E[¢] = 0 to get the following:

E[r{mhl =7 (10)

2

4For the variance use that fact that (%(11) — ’yi(lo)) = (Z{(:V—L)Q})Z =4.
RV k=W

°In order to show this one can use that E[> 4 &elét] = =& and E[§;]&] = E[¢x[&] for any j, k # .



2.

4.

Since for the second design 7 is conditionally unbiased we have that the variance is equal to
the expectation of the conditional variance:
R 40
E V[T {Wiata, {mh] {rh] = T (11)

For the first design the variance is greater because we also have the variance of the conditional
expectation:

1 L

. uzfz!{uz}lzll = (Z po— Z umk) (12)

l k>]

and thus the total variance is equal to:

Vir{mbis] = —=+ 2 <Z 1 — —Zwm) (13)

k>j
Clearly the first design is less efficient than the second one.
Both estimators are unbiased, so they are consistent if the variance goes to zero. Clearly, this
is true for the second design. For the first design one can show that the additional component
2
is of the order ”“L—é% in the worst case. As a result, the answer depends on how large || —7z||3
is compared to L?. For example, if y; are i.i.d. random variables then ||u — 7|3 is of order
O(L).
For the second design the variance clearly goes to zero. For the first one it never goes to zero
no matter how large n is.
Bagaua 5°

Ecrp cayuaitnas seibopka { (Y;, Wi, X;)}7,, mosydeHHas ¢ MIOMOIIBIO CUMYJISIIITIL:

W; ~ Bernoulli with probability 7

Xi|VVi NN((),ZX)

Yi| X, Wi ~ N (m(X;, W), 0%)

m(X;, W;) = ap + B Xi + 1oWi + 75 XiW;

rje X; — p-MepHbBIil BEKTOD, a Y x €ro KoBapuallmoHHas marpuia, W; — OuHapHas mepeMeHHas 1
Y, — nepemennas uarepeca. Obparure BHUMaHUE, YTO 110 ycaosuio W; u X; He3aBUCUMBI.

Bama mess - onenutsb 7. Bl paccmarpusaere nse pasubix MHK omenku 7. IIycTb Tgimpre -
MHK onenka 7 B perpeccun:

Yi=a+1W; +uy

a Teomp - MHK onenka 7 B perpeccun:

4.

Yi=a+ W, + 67X, +v; (14)

. IlokazKuTe, ITO Tyjmple ABIIACTCA HECMEIIEHHON OIEHKON To. A UTO MOXKHO CKa3aTbh O Teomp '

HOKa}KI/ITe, 9T0 00€ OLICHKU Ty ABJIAIOTCA COCTOATC/IbHBIMU.

. Iycrs o = 0. [Tokazkure, 9TO Tepmp O01€E 3P DEKTUBHA, TEM Tjmpie (IMEET MEHBIIIYIO ACHMII-

TOTHYECKYIO JIUCIEPCHIO).

IIycrb vy # 0. fBigercsa I T om, BCe elie 6ostee 3PHEKTUBHON, YeM Timpie |

6TTo moruBam crarbu “On regression adjustments in experiments with several treatments” by David A. Freedman



5. IlpencraBbre, 9TO BBl Ha HAyIHOM CEMHHApPE W BAlll OJHOTPYIIIHUK MIPEICTAB/ISAET SMIIH-
pHUYecKre pe3yJIbTaThl, MMOJIyuYeHHbIe ¢ moMolbio crenudukayu (14). W; - unaukaropHas
nepeMeHHasi HaXOXKIeHUs B TPyIIIe Bo3jeiicTBusd, X; - HaOJ/110/1aeMble KOHTPOJIbHBIE TIEPEMEH-
Hble, Y; - IepeMennas nnrepeca. JlaHHble Moy YeHbl ¢ TTOMOIIBIO C/IyYaifHOTO 9KCIIEPUMEHTA,
1O ectb W, He 3aBucut oT X; 10 moctpoeHuio. Kro-to n3 aygauropun KoMMeHTUPYeT: “Bbr
HpeJiroJiaraeTe, 9To Yo paBHa HYJII0, XOTd Ha caMOM Jiejie 9To He Tak. [[oaTomy Barm pesyiib-
TaThl HeBaUIHb! . [IpeserTyromuit orBevdaet: “/laHHbIE MOJYYEHBI ¢ IIOMOIIBIO CJIyYaifHOIO
9KCIIEPUMEHTa, II09TOMY He BaKHO, paBHA JIH 7Yy Hyst0. Mos ornenka Bepragd. Vcmosib3ys KOH-
TPOJIbHBIE TIEpEMEHHBIE, 4 jlesaio ee Oosiee 3(PEeKTUBHOM, YeM IIPOocTas Pa3HOCTh CPETHUX .
Yro BB gymMaeTe 06 9TOM OTBETE, ONMUPAsACh Ha Pe3y/abTaThl IyHKTOB 1-47

Pemenne 3amaunu 5

1. For the first estimator we have the following:

T Zi:l Xi(Wi — W) T Zi:l Xsz(VVz — W)
’ Z?:I(Wi - W)2 o Z?:l(Wi - W)2

Tsimple = T0 + 5 +

> si(Wi — W)
Z?:l(Wi - W)2

(15)

Since {W;} is independent of ¢; and X; and both X; and ¢; have mean zero we get the
following result:”

Esimpte {Wit] = 7o (16)

For the OLS estimator we have the following representation:

r Xin XiWa(Wi = Wo) | 300, &:(Ws = W)

T =T+ 7 ] g
oLS 0T % S (W — W) Yo (W, —W;)? (17)

where W is the projection of W; on 1, X;. Conditional expectation has the following form:

. iy XaWi (W — W
BRIV, X)) = 7o + o 22mt XT )
Zz’=1(Wi - Wz)

(18)

In general the second part does not have (unconditional) expectation equal to zero and thus
the estimator is not unbiased.

2. Using LLN and continuous mapping theorem we get the following (because X; and ¢; have
expectation zero and are independent of W;):

Zz‘:1 Xz‘(VVi — W)
Z?:l(Wi - W)2
Ei:l Xsz(Wl — W) _>
Z?:1<Wi - W)2 :
Dz &(Wi — W)
A

—p 0

=}

(19)

This implies consistency.

"This is almost correct because W; can be constant and then the estimator is not well-defined. We abstract away
from this.



For the second estimator we have the following (follows by LLN, continuous mapping theorem
and the fact that OLS projection coefficients converge to their population analogs)

P XKW (W, = W) LS s = W 1
TnZz—l ( )+n21_1€( )+0p< > (20)

ToLs =T+ % (1 —m) m(l—m) Vn

where W, are population analogs of W,. Since W is independent of X; we have that W; = .
Consistency then follows by the same logic as for the first estimator.

. One can show that the difference in means has the following asymptotic representation:

~ 1 _ Xi(W; — 7T)
Tsimple =T + /Bg o Zl;_l(l _< 7T) +
T% Zi:l X;Wi(Wi — )
To (1l —m)

B ().

ot et e () @

and the representation for 7o ¢ is the same, but without &; term. If 7 is equal to zero, then
the asymptotic variance of 7ors is equal to E[¢2] and the asymptotic variance of Tsimple 18
equal to E[(&; + &)%) = E[¢2 + &2] (because E[§&3] = 0). As a result, OLS estimator is more
efficient.

. The answer is no. The difference in asymptotic variances between 7g;p. and 7org is equal
to the following:

1 E[(W; — 7)*W}]
0 YxBo——— + 265 % ; - 22
If we set 79 = —cfy then this is equal to the following:
1 E[(W; — 7)2W}]
5y —2 : : 2
Fo 2o (7?(1 — ) ¢ w2 (1 — )2 (23)

For the large values of ¢ this is negative and thus the simple estimator is better. The intuition
is that AT X; and v X;W; compensate each other on average, but when we take away the
first part, the second part is not compensated anymore and thus the variance is larger.

. The presenter is only partially correct: it is true that the estimator is always consistent,
despite the fact that the linear regression is misspecified. At the same time the OLS estimator
might actually be worse than the simple difference in means.



