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Section A

1.     (a)    Express the simple Difference in outcomes (SDO) in terms of the Average
Treatment Effect (ATE), selection bias and the heterogeneous treatment effect
bias.

(b)   With regard to part (b), how does unit randomisation solve the selection bias
and the heterogeneous treatment effect bias?

(c)    What if selection into treatment is independent only of Y° and not of Y[?

(d)   Explain the assumptions involved in SUTVA

(e)    A researcher evaluates the effect of a job training program on participants'
employment status. However, some participants later mentor or refer their
friends (in the control group) to informal opportunities. Does this situation
violate  SUTVA? If so, which part? What are the implications for causal
inference?                                                                                                   (6+3 +2+4+3 )

Section  8

2.     A  government  introduced  a  cash  transfer program  in  2022  for  low-income
households with an annual income below €300,000. The benefit was a monthly
transfer of €1,500. A researcher .used a sharp regression discontinuity design

(RDD) to estimate the impact of the program on annual household consumption
(in €) using data from 2023.

The running variable is household income, and the cutoff for eligibility is €300,000.
The outcome variable is annual household consumption. The researcher estimates
the following local linear regression model on either side of the cutoff:

Variable Coefficient Std. Error p-value

Intercept 240,000 3000 0.000

Treatment @) 18,000 5,000 0.001

hcome -300,000 0.15 0.02 0.000
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(a)    What is the estimated causal effect of the program? Interpret the coefficient
on the treatment variable clearly.

(b)   How does the RDD estimate differ conceptually from an OLS regression of
consumption on treatment status and income?

(c)    What is the key identifying assumption of the RDD used here? Why is it
important?

(d)   Describe one test the researcher could use to assess whether the running
variable (income) was manipulated around the cutoff.

(e)   Why is bandwidth choice important in RDD? What happens if it's too wide
or too narrow?

®     Suppose a placebo test was performed at €350,000 (where no policy exists),
and the estimated effect was statistically significant. What would this imply?

(3+4+4+3+2+2)

3.     A development economist is studying the effect ofhousehold income on children's

educational attainment in rural farming regions. Since income may be endogenous,

they use rainfall deviation as an instrumental variable. The following regression

results are presented:

Dependent Variable Independent Variables Coefficient Std. Error t-stat
First Stage (hcome) Rainfall deviation (in mm) 1.5 0.4 3.75

Constant 5.0 1.0

R2 - 0.18
Reduced FormCrearsofSchooling) Rainfall deviation (in mm) 0.6 0.25 2.4

Constant 6.2 0.5

R2 - 0 . 1 2
IV Estimate (2SLS) hcome (in $1000s) 0.40 0.17 2.35

Constant 5.7 0.6

(a)    Interpret the coefficients from the first-stage and reduced-form regressions.

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

P.T.O.
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(c)    Discuss assumptions for rainfall as a vali`d instrument. Comment on the strength
of the instrument in this case using the information that is provided.

(d)   What additional information would you require to use a thumb rule check for
weak instruments in this context? Discuss the implications of having a weak
instrument.

(e)    What explains a larger IV estimate compared to OLS in the case of a valid
Iv estimation?                                                                                           (4+3+5+3+3)

4.     A state government implemented a new minimum wage law in 2022 that increased

the hourly minimum wage from $ 10 to $ 15. Another similar state did not implement

this policy. You are given data from both states for the years 2020, 2021  (pre-

treatment) and 2023 (post-treatment). The variable of interest is Average Weekly

Hours Worked (AWHW) by low-wage workers.

You run the following DiD regression:

AWHwit --Po + PL.Pos,tt+  P2.Treatedi+  P3.Treatedi,Postt  +  Eit

Where :

-      Treated£ = 1  if the individual is in the state that raised the minimum wage,

0 otherwise.

-      Postt =  1  for the year 2023,  0  for 2021  and  2020.

Variable Coefficient Std. Error p-value

Intercept 32.0 0.5 0.000

Post -1.2 0.7 0.092

Trecited 0.4 0.6 0.500

Post.Treo[±ed -2.5 0.8 0.002
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(a)    What is the estimated effect of the minimum wage policy on average weekly
hours worked? Interpret the DiD coefficient in plain language. Based on the

regression table, is the effect statistically significant at the 5% level? Justify

your answer using the appropriate values.

a)   What is the predicted average weekly hours worked in 2023 for workers in
the treatment state?

(c)    What is the identifying assumption of the DiD method? Why is it important?

(d)    Suppose the treatment state was experiencing a downward trend in hours
worked even before the policy change. How would this violate the identifying

assumption? What impact could this have on the DiD estimate?

(e)    Explain one robustness check or altemative approach that could help validate
the DiD assumption in this context.                                                 (4+2+4+4+4)

5.     A nonprofit organization offers a job-readiness training program to unemployed

youth. Participation in the program is voluntary. The researcher suspects that
those who choose to participate differ systematically from those who don't (e.g.,

in education and motivation). To estimate the causal effect of the program on

monthly earnings (measured in Rs.), the researcher uses propensity score matching

(PSM). The propensity score is estimated using a logistic regression model based
on pre-treatment covariates:  education, age, and baseline earnings.

After matching treated individuals with similar iintreated individuals (One-to-One

nearest neighbor matching with replacement), the researcher estimates the following

regression on the matched sample:

Yi  -  ch  +  I.Di  +  €i

where :

Y£ : Monthly earnings for individual i

Dt : Indicator for participation in the program

P.T.O.
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Variable Coefficient Std. Error p-value

Intercept 8,500 400 0..000

Treated (D) 2,200 600 0.001

(a)    Interpret the coefficient on the "Treated" variable. What does this estimate
represent?

(b)   Wky is a logit model preferred over a Linear Probability Model in constructing
the propensity score?

(c)    What is the Conditional Independence Assumption (CIA) in the context, of
PSM, and why is it critical?

(d)   Describe a method to  assess whether the common support assumption is
met.

(e)    Suppose  some treated units have no  comparable pratches  in the  control
group. What issue arises? How might you address it?

®    What are the potential limitations of using nearest-neighbor matching with
replacement?                                                                                         (3+3+3+3+3+3)

6.     In 2021,  the  government introduced a performance-based grant program for

public schools that scored below 60 on a standardized quality index. The goal
was to improve student learning outcomes by providing additional resources and

training to these lower-performing schools. The policy was implemented nationwide.

Schools with an index score of 59 or lower received the intervention, while those

scoring 60 or above did not. A researcher wants to estimate the impact of the

program on average student test scores using two methods:

Regression Discontinuity Design (RDD):  Schools just above and below the

cutoff (scores between 50-70) are used in a local linear regression.

Difference-in-Differences (DiD): The researcher compares schools below and

above the cutoff before (2020) and after (2022) the policy.
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RDD  Results  (Local Linear Regression, Bandwidth =  10)

Y{` =  or  +  I.D£  =  I(Score£ -  60)  +  8_i

Variable Coefficient Std. Error p-value

Intercept 65.0 1.5 0.000

Treated (Score < 60) 3.2 1.1 0.004

Score (centered) 0.4 0.1 0.000

DiD  Regression  Results

Yft  =  or  +  8.Postt+  y.Treatedj +  I.(Postt.Treated;)  +  a_it

Variable Coefficient Std. Error p-value

htercept 66.0 0.9 0.000

Post 1.1 0.5 0.030

Trecited 0.6 0.7 0.400

Post.Treated 2.0 0.8 0.010

(a)    Assuming that the RDD is valid, why might the RDD estimate be larger than
the DiD estimate?

(b)   Explain how the comparison groups differ between the two methods.

(c)    Discuss a situation where the RDD estimate would be preferred over DiD.

(d)   What are the limitations of using only schools near the cutoff in RDD?

(e)    Under what conditions would DiD provide biased estimates,  even if the
RDD appears valid?

(i)    Are there any advantages if we combine RDD with DiD (having a double
difference taken locally around the cutoff) to strengthen causal claims?

(3+3+3+3+3+3)

P.T.O.
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<aus  en

(FIT) ct RE dr (us), aqT TRTTa air iin RE dr TRIqTa ii wit S
Hffro S Hrm{uT 3f5{  (each) ch tqEFa E±i

(iF)  a]FT (iF) i± wir S, irf qi€rt®ch`ul aqT TmaqTa 6ftl iin RE dr qRlqTa ch
ian i{ tR - a?

(Tr)  fflT in rfe RE a. aqF fa yo a ed a 3it yi a lft7

(I)   SUTVA a rfu €IRUTTaf ffi iFiHT qmi

(i5:)  {tFT thTed Hfaffi fi in iae q{ iffi rfuan ffiTfa i} 7Iam tFT giv
t5t5T €i ffi, q55 rfuwh aTa S rd atat (fin Hg ¥) a ti±
6TqHS ii iaT tffl€ ta ¥ qT tfERfa ed ¥ I tfqT qa ice SUTVA i5T 3ed ed
€? ife tf, ch rfu en amT? iHEFT chi`uHucb  iffi T[{ iHT maTEr qtr?

(6 + 3 + 2 + 4 + 3 )

<qus a

2.     H{qIT{ a  2022  ¥  {300,000  a iFF ife  ama ri tFF  alTq. Tfa qRiTti i} fir |EFF

Etch i5T5FT q5 iin[ EHiFT aTT {i,500 t5T TTfha Etrfu ani {iF drT5Tffi a 2023
i±faiFTwhedfflffaTfa®iBt[a(€S)tR±E}mTTErtFTalFFTwhi±to
¥EF fu Htlr`iiiiitil 6Hfen tr (as) i=T wh iini
th qI Eha® erTZT a, 3ft{ TmatIT E} ifu EFE:Gife €300 ,000 €i Hfha a{ ife iie®enin
¥i drTed EFE:6ife i± ffi ck RHrtlRqa wh tRaqT HftqTFT iifa 5r a]grFT a]"T
a:

ER FT HThaf± p-Th
3tH:ds 240,000 3000 0.000

grap) 18,000 5,000 0.001

3TFT-300,000 0.15 0.02 0.000

(ff )  ± 5T tiTTTfir cbl`ulltlch iRITF HT €? RE a{ T[I TJrfeT di H¥ iFIRIT
qrml

(iF) ae fa Sit enq TIT wh i± fro Hiha a 6TRan 3IgrFT ife T5T a
tan itr a?
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(TT)  rd EEha fist lip 3TRan E* Ir tTEaFT €ITen fflT €? qa q5rd ed €?

(ir)  qF qthm EFT ife Eife iin ch dred qa ch i± ft H iTq5ffl i fat
iFqT i=E3ife i± 3IREiH th aRgr  (ama) ¥ RE iin iTqT ani

(.i5:)   erRan a ife`aT iST aqF ed qEEqTfi in €? rfe dsftgr qgFT 3Tfha jra qT aga.
if5a a, ch H 5rrm qIr a?

(a)    HFTrm fg  =3,50,Ooo tR (riEas ffi aTTTQFa€) {EFTawh qth iin iTqT,
3ft{ giv mm Hffirfu RI a qEiap tmaT TTZITi qH5T tFqT ed in?

(3 + 4 + 4 + 3 + 2 + 2 )

3.     ngtfi. faErm erRE rfu EfS air a qTRqTRqT 3IFT iFT qa ift ife 3qaeT R 5ma
5T 3TcaqT 5{ T5T ¥t jF sin giv (fflfalis 5q-a Hrfu) a di €, Ealtr qa
rd a. ffi ri ia-ch iEF 3qt5{OT a{ i} 5T a rfu t5{aT gi ira iir iTp HtlliiiMl
qth xp iir TIT ¥ :

rfuEr{ edH FT HThae t-Th

RT"(GTrq)
rdfaREdffiE> 1.5 0.4 3.75

fas 5.0 1.0

R2 - 0 . 1 8

Een¥#
rdfiREdffity 0.6 0.25 2.4

fas 6.2 0.5

R2 -0.12

IV 3TFT(2 3tFT($1000sfty 0.40 0.17 2.35

fas 5.7 0.6

(E) ira a{uT 3k ag-RI H5ha a TJrffi @ i¥Ten iiftri

(-a)  Iv 3IgrFT th te3Ia TTuffl ed a itr qTae algrT]tF i=T wh Ermi

(TT)   rd ch ngiFT der 3qi5{uT ql i} RT ¥ rfu ed i} itr fiFT €Irmch E} 3ma¥qtFtlT
aft €, ed qffliri itr iTT fflFqrfu ffiT rfu ed gq iH qFTa ti Gqtfi{uT ch rfu
tR ian apl

P.T.O.
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(F)  gr fas ¥ qTqiir 3qed i} ft qq i5F E} rfu ffiT ch ed i} iaT Gmi}
rfuth fflfRE \riilchi@ tft 3iiqa¢iq,Ill an7 ed c`ict```ii aPr a iaRE ql ed
qENirl

(.a)  gEF fir Iv 3IgrFT a nd fi fro fi gaqT a S Iv 3IgFT a fflT qlRIT ¥7
(4 + 3 + 5 + 3 + 3 )

4.   FTmai© i 2022 ¥ FTiFTFT faqFTFan`fin, fas iT5tTrfuifEqu
in Sio a agrEit Si5 tF{ fin iTqTi ifl a{a i± is tii5q a EH ffi ch aTTT. Tai iini
enqa aft Trch a ed 2020, 202i  (er a qEa) 3ft{ 2023  (RE i} aT€) i} itr in
iin TTqT €i fe Er at EFT in wh ffi Ei{r 3fro HTrfu rf R (AWHw) ¥i

alTtr  ii`I+iaiintl  a6TTca  !+d\wlu  wh ¥ :

AWHwit =  Po+ Pi.Postt+  P2.Treatedi+  P3.Treatedi.Postt  +  Sit

irfu :

-     Treated;= 1qf±rfu3H{[i5q¥€iiniFTaFTqu¥, alqqT 0

-postt  =  2023 i}itr I,  3fi{202ian 2020 i±ft o.

EFT FT iTThae p-Th
giv:ds 32.0 0.5 0.000

tie -1.2 0.7 0.092

RE 0.4 0.6 0.500

tie.ap -2.5 0.8 0.002

(F) ngaF in ffi iFT 6fro HTRIRiF 5FT a €fEF ti{ 6giv rmF HT ¥? H{a aim
¥ ©fflT@ TJrfeT EPr tFTen iftyi H± fiTRTEFT E} 6rm{ TIT, fflT ilem 5 % Ht
TRtu.RPHch^,q5q-aTErd¥7rfuqTfifflwh5iewhT3i]IchEf±rmi

(iF) ae T[ffl ti 2023 a. tFFT ed ri ffi a iir 3giv afro HTtrfu ed ifE
ffl aft?

(TT)  afflTen qdi fi q5qFT ed rfu €ITm EFqT a? qa qErd Efi €7

(I)  qFT jtPe fit ffi qRI a qed a ae tli5q ¥ iFFT i* Efa fi fiTffl ffiT iiEIFT
ani qa TT5FFT ed wh €IRUTT lit ted ira wh7 i5EFT ©stTan 6]grFT TIT HT
Hma a - a?



L______

7550                                                                                11

(iF)  ¥tF iin rfu qT aE5fha giv fl tFTen tfiPe ch Ea at S &enffi €IT{uiT
aqTT ed¥qEa tfittffidT €i                                             (4+2+4+4+4)

5.    ¥EFT tt-enTed wi air gqTdi a life-iTFT5T Hfuan qTfa Han ifi{an €1
ETFfa a qTRE <£Re9ct, ¥i thnd a ife € fat ifi ch a]FT aa ¥ a 3F chjff a
qqRqRT 5T a fa aft ¥ ch amT ffi aa a (.3€T5{uT E} te, REIT 3fi{ 3± ¥) I rfu
enq  (wh ¥ wh Its) TR q5Tfa i± chi`ulltlch HelFT tFT enEFaF ed i± ft drrd
fitRE wh rfu (fro) iFT ch iF{an €i firm tqir a fi RE ch`iaR{qu:
ifuIT, a7Tg Gft{ HTife 317zT i± GmaR TR viF tllrwlrtcch RITife en wh ed giv
iin rm €1

RE ETfRE ch HFFT ae I iir lip qfaHfi a aTey ifu ed a ffl€ (HfatqFT i}
tina {EF-a-{EFT iat5an Tap ifu),  iheT5ffi iin iir iTp rd T{  RHrtlRqtl
Haha EFT qu i- a :

Y.  -ch  +  i.D.  +  €.
LIL

irfu :

y£ : rfu  i  a  te  qTRffi  SIFT
Dt: qth a `ffi ii ft tifa

ER FT HThae I,-Th
rfu:ds 8,500 400 0.000

REP) 2,200 600 0.001

(-EF)   "RE" aI TIT TTrfeT iPr tFTRIT trml qi= 6]IrFT HT rfu €7

(.a) ffiRE wh a ith a ire ifaTTERE ffi ch gaiT ¥ ffi fa a ed
Hrqfin ft rfu a?

(TT)  itRT i± waf S ed trfu 8rTm (R3Trfe) tFqT a, 3ft{ qa q5ap di ¥7

(F)  qa 6IT5FT ed i± fir ¥EF fiRi tFT wh trm fat HT HFTTF wh €IT{uTT iQ *
¥1

(.5:)  iTFT jtPe fit q5 ap EfflEaf 5T iin H¥ ¥ as Erfu iin ifi €i HT
HFRIT GHT an €7 am S ian ifRE 5I ed ¥7

(a) Hfa-a aTey iai©-lan iin Er ch ed fi irfu th® fflT ¥7
(3 + 3 + 3 + 3 + 3 + 3 )

P.T.O.
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6.    2021 i, iFRTa-qHap guTfflrfeTR 60 aifatqiredriqifaS i+
iirpiFrfu-fflTrfuquETfaIriiniFTRTFfflrfuedqTaiaES
a tlfaffa chFT 3ife HfuFT 5IEFT ed iFrfi i} RE i} qROITfi ¥ ¥m tFt]T qTi itfa
ch R in ¥ aTq fin TTqTi 59 z]T ed iffl a+ fa wh ri xp a i5tain HTta €a]T,
rfu 60 qT ed rfu iat ed fflRff ch qa iini ngEF thnd d RE Hr rfu ed
3fro RE qth tat TR q5Tfa i} mTTq tFT 6IgFT ermT aT5EIT a :

H5irFFT fettcb.fequhc`I tr  (RDD ) : q5E6ife a ifro atR 6it ira E> xp  (50 -70
i} rfu tat) rfu tiha Haha ¥ ch fir inn ¥i
fife-F-i3tRE  (DiD) : deed ffi a q5a  (2020 )  Sir Eta ¥  (2022 ) tFE6ife
a ifa Sit iFql ifr FES EPr gaFT tF{aT ¥i

RDD Tfu (trfu as Hfin, xp = [0)
Y.  =  Ch  +  i.Dj  =  I(Score£ -  60)  +  g_i

I

F{ FT qThae p-in
giv:ds 65.0 1.5 0.000

apch<6o) 3.2 1.1 0.004

ckas 0.4 0.1 0.000

DiD Hdiu_ uin
Yft  =  or  +  6.Postt+  y.Treated£+  I.(Postt.Treated£)  +  a_it

ER FT 3Tmd± p-Th
giv:ds 66.0 0.9 0.000

rfe 1.1 0.5 0.030

ap 0.6 0.7 0.400

The.ap 2.0 0.8 0.010

(tF)  qa wh gq iaT EN atT a, HRan a]IrFTa6Tca 6]grFT a a§T E5¥ a HEm a?

(iF) qaTFT iaT ffi ian a rfu ga]T Hg fa5H HEFR ire ¥i

(IT)  so ice T]I ed ap iri as 6IgrFT a it3TT& a ife HTqfiTqffl a whi
(Er)  RE fi fa ffiE3ife i} fiETEqffi fas ffl rfu ed fi ifqT th ¥7
(iF)  ira TRRRE a QHTca TreTqrd a]grFT rmT ch, wh a 3TRan teT rfu a?

(a)  fflT as ffleT ¥ rfe i5F RE ch ©Hffi (5Et3ife i± 6TTtlt" wh 5T a iin TTqT
in 3flt) i} ira ifiS ¥ rfu ffl{uT tdeft ed a qiHqF fin ffl Ht}?

(3 + 3 + 3 + 3 + 3 + 3 )

(100)


