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Section A

1.     (a)    Showhow the simple Difference in outcomes (SDO) canbe written as a

function of the Average Treatment Effect on the Treated (ATT/ATET) and a

selection bias term.

(b)   How does unit randomization help in getting an unbiased estimate of the

ATT?

(c)    With regard to part (b), what if selection into treatment is independent only

of Y° and not of Y1.

(d)   Explain why it might still be beneficial to i_nclude covariates in a regression

analysis of a randomized controlled trial even if there is good balance in the

covariates across the treatment and control groups.

(e)    A nonprofit organization runs a financial literacy program to improve household

savings. The intervention is randomized at the household level. However,

due to logistical constraints, the content and delivery of the program vary

across households :

-  Some households receive in-person training sessions,

-  Others receive online modules with the same core content,

-  A few receive only printed 'brochures summarizing the material.

At the end of the study, the researcher estimates a single average treatment

effect by comparing all treated households to controls.

What aspect of SUTVA is violated here? Briefly explain one strategy the

researcher could use to address this issue analytically or in study design.

(6+3+2+4+3)
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Section a

2.     In 2020, City A introduced a new public transportation subsidy aimed at reducing
commuting costs for low-income residents. City 8, with a similar demographic
and economic profile, did not implement any such subsidy. You have data from
both cities for the years 2019 (pre-treatment)  and 2021  (post-treatment). The
outcome variable is the average monthly commuting cost (in USD) for low-income
individuals. The regression output for a simple DiD regression is given below`.

Variable Coefricient Std. Error p-value

Intercept 85.0 1.2 0.000

Post (2021 = 1) 1.5 1.5 0.320

Treated (City A = 1) -2.0 1.3 0. 120

Treated x Post -8.0 2,1 0.001

(a)    Provide the estimating equation for a DiD estimation of this kind. What is the
estimated effect of the public transportation subsidy on monthly commuting
costs? Interpret the DiD coefficient.

(b)   Is the effect statistically significant at the 50/o level? Explain your reasoning.

(c)    What is the predicted average monthly commuting cost in 2021 for individuals
in City A?

(d)   Describe the key identifying assumption behind the DiD approach in this
context.

(e)    Suggest a method or data feature you could use to test the plausibility of the
parallel trends assumption in this setting.

®     Suppose a major employer relocated out ofcityAbetween 2019 and 2021,
disproportionately affecting commuting patterns. How could this confound
the DiD estimate?                                                                             (4+2+2+3+3+4)

P.T.O.
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3.     The following table is based on the Dehejia & Wahba (2002) study evaluating the
effect of job training on earnings via Propensity Score Matching (PSM) using
observational data.

Estimation Method ATT Estimate (S) Standard Error t-statistic

PSM 1794 875 2.05

Radius (0. 01) 1850 880 2.10

Malialanobis 1680 900 1.87

OLS 2250 950 2.37

(a)   What do the estimates say about the program's impact?

(b)   Explain the concept of common support in the context of matching.

(c)    What is a Linear Probability Model (LPM)? Why is logit/probit preferred
over a linear probability model for creating the propensity score?

(d)   Why use matching over OLS in this context? What does consistency in the
results across matching methods suggest?

(e)    When will matching fail to give unbiased estimates of treatment effects?
(3+4+5+3+3)

4.     Researchers use proximity to a 4-year college (a binary variable) as an instrument
for college attendance to estimate its effect on earnings. The results below show
the impact of being close to a college on years of schooling/education and income.
The study has an adequately powered sample.

Dependent Variable In dep en dent Vari ables Coefficient Std. Error t-stat

First Stage (Years ofEducation) Proximity to college 0.9 0.3 3.0

Constant 12.5 0.8

Reduced Form ajogIncome) Proxinrity to college 0.18 0.07 2.57

Constant 9.8 0.2

IV Estimate (2SLS) Years of Education 0.20 0.09 2.22
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(a)   Interpret the coefficients from the first-stage and reduced-form regressions.

(b)   Use the Wald estimator to manually compute the IV estimate.

(c)    In the context of a valid IV estimation what can explain a larger IV estimate
compared to  OLS?

(d)   Differentiate between an instrumental variable and a proxy variable. Can a
proxy variable solve the endogeneity issue

(e)    Explain briefly the assumptions under which the treatment assignment (Z)
can serve as an instrument to estimate the local average treatment effect

(LATE) of a treatment (D) on an outcome (Y).                          (4+2+3+4+5)

5.     A state government in India introduced a home energy efficiency subsidy program
in 2023. Households with annual income below {5,00,000 were eligible to receive
a subsidy of up to €20,000 for installing energy-efficient appliances. Households
earning €5,00,000 or more were not eligible.

You are interested in estimating the causal effect of subsidy eligibility on annual
household electricity consumption, measured in kilowatt-hours (kwh). To do
this, you use data from households earning between {4,50,000 and €5,50,000,
and run a local linear regression:

Electricityt =  a  +  T.Dt+ f(Income  -5,00,000)  +  €_i

Where :

-      D, = 1 if the household earns less than €5,00,000 (eligible), and o otherwise.

-      I() is a linear function of income centered at Rs. 5,00,000.

Variable Coefficient Std. Error p-value

Intercept 9500 100 0.000

Eligibility (D - 1) -600 200 0.003

Income - €5,00,000 -0.03 0.01 0.010

(a)   What is  the  estimated  causal  effect  of subsidy  eligibility  on  electricity
consumption?

P.T.O.
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'(b)    Is this effect statistically significant at the 50/o level? Provide your reasoning.

(c)    What is the predicted electricity consumption at the income threshold for a
household that just qualifies for the subsidy?

(d)   What is the key identifying assumption for the RDD design to yield a valid
causal estimate in this context?

(e)    How might income misreporting around the €5,00,000' threshold affect the
validity of the RDD? What type of bias could it introduce?

(I)     Describe a diagnostic test or visual analysis that could help assess whether
the RDD assumptions are plausible.                                            (3+2+3+4+3+3)

6.     In 2020, a city government introduced a health insurance subsidy for informal
sector workers. Workers who enrolled in the program received a 50% subsidy
on their insurance premiums. Participation was voluntary.
To estimate the program's effect on out-of-pocket health expenditure in 2022, a
researcher collected data on workers from 2020 (before the program) and 2022

(after). The researcher first used propensity score matching (PSM) to compare
outcomes in 2022 between treated and control workers matched on pre-treatm`ent
characteristics. Then, they used a Difference-in-Differences (DiD) model with the
full panel data.

Group Mean Expenditure

Treated 6200

Matched Control 7100

ATT -900

Variable Coefficient St. Error p-value

Intercept 7300 200 0.000

Post (Year 2022= 1) 100 100 0.320

Treated -150 250 0.550

Treated.Post -1000 200 0.000
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(a)   Explain  the  curse  of dimensionality  and  discuss  how  Propensity  Score
Matching (PSM) solves the same.

(b)  ;~Using an appropriate Directed Acyclic Graph (DAG) briefly explain the
covariate balancing property of the propensity score.

(c)    Which estimate (PSM/DiD) do you think is more credible in this context and
why?

(d)   What assumption does DiDTely on that Matching does not? Explain how
you would test its plausibility in this context?

(e)    Briefly explain how would the DiD estimation differ if the program was
rolled out in say 3 phases? What are assumptions that would be needed to
enable an unbiased estimation in this case?                                  (4+3+4+4+3)

iRETr

(E) Hffro ¥ H{a rift (sech) a RE rfu TR rfe RE Efr (ca/ca)
Sit aqT TTen7a TIE i} vi= T5aT i± RI ¥ ian qiH iin i5IT HtFaT a?

(iF)  ca 5T iha 6T5FFT HTTa ed ¥ Ere ql€rt®ch`ul tra IRE 5{5T €7

(TT)  amT (iF) i} ifdeT a, HT in qR RE a qqT ifa yo a ed a, yi a qfi?

(I)  ¥tF qngEas ira rfuFT Er H± firfu a. H5ed. ch rfu ffit]T EmTETqEF
ch a HEFaT €, eta a ae 3it iin HTS ¥ H5Fti a. 815T giv ai

(i3:)  ngiF dr-enT5Ta wh iha. aaa ¥ grR i± iir fiiin enRI{aT qTTfa Farm €i
whEha®HIqtqngEas¥iETife,ffimaTsfftat5i{uT,5FTfaEPrwhsit
tin qti ¥ 3IFTT-3IdiT an ¥ :

-    i55 qti ch aTffro HhaHa iawh ¥,
-    6]T a iIFFTiF wh i± ETpr affiFFTiif5F ice ¥,

-   i55chfawhiFrwht}ridfainiae¥i
3I€zlqTa3fa¥,iheTedenfrREqRiTtiFga]Tiinaqie¥EFathRE
dr tit aTIr irm €i

P.T.O.
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qa SUTVA i± ida TIER tFr 3fa ida rm a? tiin a. {tF T]fitfi a tqTen
rm iin wh drTq5ffi raaaquutlcb 5q- a an 6]tzTZFT ftma fi gH S iir
un edafttF{iffii]T ¥i                                        (6+3+2+4+3)

EEiEEH

2.    2020 S, iTE{ A itFT anrififfi i± fu afiTTTFTirma5FedE}eda
¥EIT rf HTfafha qRqFT RE B5 chi HFFT wl+<ifiinc£\¢+  Sit aTrFfa fro ri iT5{
8 a ca ias RE aTqTa chi  3Trqti t[TH rf 2019  (i±-3tfflt)  6ftt 202i  (-3tffl{ Er
aTE) a itr aft fflEti a in ¥i qRom al iFF 3ma ri qfae i} fir 3fro rfu
a]rmFTF aTiia  (RE ¥) €i {EF iTH DiD HairTTFT i± fir HthTFT alT3Ega ira iin
TFT €l

ER FT rm5fE p-ffl
3Ta:ds 85.0 1.2 0.000

rfe t202i = it 1.5 1.5 0.320

apfzT5{A=L, -2.0 1.3 0.120

RE x tie -8.0 2.1 0.001

(EF)  iH il{a i± a6Tca ergrFT i} its 3]grFT Hfro rmi  tllc.iwlRch TRqFT HRI
EFT rfu 3TTETT]TFT aT]Ta q{ gil il`m tFqT a? a3Tca rfe R EFTen Eidiri

(iF)  iHT INTEr 5% i± i5I TIT tlii?FHcb`q iFT a F5rd €7  wh rf ch iFTen rmi

(TT)  iT5{ A ¥ qfffi a itr 2021 $ 6giv 3fro rfu a]TEmFTT enia HT €?

(a)  iH fat a ft8Tca Efrfu a Fra ilIr qEfflT €ITm ffiT ire qrmi

(.E)  EH rfu a HqTrfe HEfa €IROTT a ETrfu t5T qth ed a itr 3m iin ian
Th fa givIT tFT wh iFt ed ¥, 3H5r gHTq rmi

(a).  TIT rm ia ¥iF 3Igr fiin 2019 6it 2021 i± ifa ¥T5{ A a aT5{ aaT TTqT, iae
anT]FTT RE TR rfu iFq. a 8]Ht ti§TI qa fttlT® a]grFT a ae 3fu ff{ H5aT
a?                                                                                                      (4+2+2+3+3+4)
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3.     fitirtlRqd fiTfinan Sis tT55T (2002 ) ii 3RIqFTR aTT€TTRa ¥, its aTqhaifefr
in iFT ch ed fiffi tck th (itRT) Er qTcaF a qTqT± q{ iffi rfum E}
iTffl ffl Tgiv fin Tffl ¥i

3TFTfanq REGTFT(S) HHae t-tiifen
fflRT 1794 875 2.05

tfdr(o.ol) 1850 880 2.10

tl6ltll`lfatl 1680 900 . 1. 87

3PrqRT 2250 950 2.37

(H)  q5Tfa E} item i+ ri a a]grFT tFqT ed ¥?

(.ur)  iin i} ch5 a aFTTF rfu fi 3IEltlTan Efr qiRIT qENiri

(iT)  ire tfeTTan ire (±) tfqT i? HEfa tat ch E} ft tiha tfaTTErm ire
@ ga]T ¥ afffroife a ed. Hrqiin a iHT@ €7

(q)  EH fat ¥ fro ift BElqT i iin iFT rfu qfi fin am €7 iin fifan ¥
qRE a ion fflT rfu %7

(i5:)   iin iFF Gt[Fit mTri¥ i± iinT 3IgrFT * ¥ 3Irma a iHTFiT?  (3 + 4 + 5 + 3 + 3 )

4.    chat ffi ¥ GTRalfr i± itr ¥EF T5qEF{uT i± FT a 4 end Er ffi  (RE at) tft
iatrm tFT wh ed ¥ fflfaT a]TZT T[I iHa 5RITF EFT 8IgrFT aTrm iFT whi ira iaT lip

qRum F" ifrofuen 3ir 3m a Tffi q{ rfu i± rfu an a rmq ch ae ¥i 3TEZRT
a qfa RI a tfrfu qF ¥i

enfhaER rfuEFT FT Hrmaf± t-tifas
qFTFTdltenStry rfuarfu 0.9 0.3 3.0

fas 12.5 0.8

ngHdi3TTq> ffiath 0.18 0.07 2.57

fas 9.8 0.2

IV 3TFT t2Ttlqap ftrenSof 0.20 0.09 2.22

P.T.O.
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(iF)  maT F{uT Sit aB-sq- H5ha a TJTfffi th iFTRIT Eifei

(iF)  Iv 6]grFT ch te6]a RI a iTUTaT ed i± itr qTas 6]IrTm 5T wh api

(IT)   teT T3TT5{uT aI  (Iv)  3]grFT i} fas ¥, ctrRT th BaiT S asT Iv 6]grFT ffi 5T
tFT - a iTq5ffl ¥7

(F)  Egiv al air viiE5t a{ i± ifa 6ir H¥ iifirl TiFT ¥iF ffl a{ © T5FHT
ri iFT iH iTqffl a  3

(.a)  tIF ilTqEITdi ih a.dr a tl"TET fas iT5tT RE 3RETEife  (z), Hfin  (y) tR
RE  (D) i+ ha Tain RE dr  (LATE) tFr a]grFT wh a itr vtF
i3t[EF{OT E} iFq-a ffiFT tF{ ilEFtIT €l                                                            (4 + 2 + 3 + 4 + 5 )

5.    an{a¥ Fma©a. 2023 ¥€haQeditltlTREffiifaq5iini =5,00,Ooo a
EFT ife 3]Tzr ri TRFT ed-q¥7a 3tTq5{uT wh i} itr €20 ,000 i]E EPr ae HTFF

ed E} Tina &i  €5,oo,ooo tIT ed 3TRis wh wh qRFT qia lff ai

s]iqia5ir-rfe(kwh)¥whTT€ifefa®ianwhT]tREtTTanachi`uuquch
iRITF ffiT 6]gFT ch ¥ rfu ed ¥i fu ed i} te, aTrq. €4,50,000  3ft{ {5,50,000 i}
rfu ed ri qRaTti E} in ffiT ch ed ¥, 3ir ¥tF rfu RE Htlr`iHum Erfu ¥ :

fiIr  =  or  +   I.D£+f(enT-5,oo,ooo)   +   s_i

ffl` :

D, =  1 ife iII €5,00,000  (tina) a tFF EFFm a,  3it a]HqT 0.

f() 5,00,000 wh TIT life a]Tzr i=T ¥EF tiha Hat €i

EFT FT rm5fr p-in
rfu:ds 9500 loo 0.000

rm@-1) -600 200 0.003

6fTq- =5,00,000 -0.03 0.01 0.010
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(iFT)  RE T]TaEIT i=T ian wh TR aTgiv chi`uiiHcb rmTq HT €?

(-a)  tFqT qa INFT 5% i> ia{ T]{ Hffirfu FT a q5rd €?  3]t]FT rf rmi

(TT)  ffi a its fa qiir i} fir am th TIT tlErfu ian REqEr tfqT ¥7

(q)  EH fat ¥ teT cr,i`ullquch 6]grFT "Td ed i± te EN feiFT i± itr gen TT5FFT
HIFT tFT a?

(a)   €5,00,000 th i± 3IRIT]TH 3ITZT th iTan Rrm enca ift term ch isa mTrRI 5t
wh ¥? Tqa ifa TTEFTt EFr iFbe 3HT Ti5t HERE €?

(iT)  ¥tF iin qthm qT gzzr fidr ffiT ife iRI ch qa erlEFFT ed a qETqiF a
fit 3Hcaa €ImT.rfu ¥ TIT ffii                                  (3+2.+3+4+3+3)

6.     2020 ¥, gE iT5{ @tTRTi &|`ivtMRch ha i± ffi a teiqTFTrfuRE i55 ifti
q5Tfa ¥ |mfiE`ci ffi a ch rfu firEL q{ 5o% Hfas iani affi <£ftegq, thi

2022 ¥ 5Tfa i± qurcrciilci tqTen qzT TR maTF tFT 6ITEFdT ed i± to, via rfuTqTali a

2020  (ETfa a q5a) 3it 2022  (rfu i± aTE) ¥ ffi tR in ¥EFa iini drnd
+ q5a tlqFT-i5 fiindi a en€Ii{ ti{ ifu iTp ae 3ir iin ffi i± ffi 2022
i} TRO"ff th BE]IT ed a Pe firm iair rfu (fro) tFT ch fini EHa FIE,
3Ean iFi fro in ia en¥ F iife`F-irfu (DiD ) fa tFT ch lint

His GflHiH
ae 6200

farfu 7100

ca -900

H FT rmd± p-in
3rH:ds 7300 200 0.000

tieof2022=i] loo loo 0.320

RE -150 250 0.550

ae. tie -1000 200 0.000

P.T.O.
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(F) ed 3ife flPlin a iFTen tfiPei firm iqir rfu (itRT) a tan i5F tF{ar
¥1

(iF) {EF 3tT5i:a ira fflrfu ilFT (RE) t5T ch ed firm wh Et H5T{
giv qu a rfu ¥ iFTiTTET[

(TT)   6TTqch rfu en a]gFT  (itRTAerffi) EH wit S HRTqT iaFTrfu aTlaT € air
qfi?

(I)  fttiTen fiiH 3IE[tlTm q{ fi`k iF{en a iin q{ rfu fi`k lai EFRI? HqaTET fa alTtr
EH fat a. EHa tf`Tr6RE t5T qth tra ERI7

(a)  ife fflfa ch 3 ed ¥ BF fin rm ch atlTen a]IrFT fa5H Hiffl{ RI in? tiin
¥enEITETiEHndfiiinT3IgFTailanedi}tefin€zituheffaamFqEFtlT
an7                                                                                                  (4+3+4+4+3)


