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Instructions

There are two Sections, A & B with a total of 6 questions.
Question 1 from Section A is compulsory.
Answer any 4 out of the 5 questions from Section B.

Marks are given at the end of each question.
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Use of simple calculators is allowed.
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1. (a) Express the Simple Difference in Outcomes (SDO) in terms of the Average Treatment
- Effect on the Treated (ATT), selection bias, and heterogeneous treatment effect bias. Carefully
" define each component.

(b) Explain how unit randomization eliminates both selection bias and heterogeneous treatment
effect bias from the SDO. What property of randomization is essential for this result?

(¢) Suppose selection into treatment is independent of Y° but not of Y!. What does this imply
for unbiased estimation of the ATE? Of the ATT?
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(d) A researcher runs a randomized experiment to test the effect of a tutoring intervention on
student scores. They find perfect covariate balance but still choose to include baseline test

scores as a control variable in the regression. Explain the econometric rationale for this
decision.
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(¢) A government evaluates the effect of a cash transfer program for farmers. Treated farmers,
upon receiving cash, purchase fertilizers from local shops, which are also patronized by control
farmers — allowing control farmers to indirectly benefit from increased fertilizer availability
and lower prices.

Does this situation violate SUTVA? If so, which assumption and which component? What are
the implications for causal inference, and suggest one design-based remedy?

(6+3+2+4+3)

Section B

2. A state government in India introduced a free textbook distribution scheme for government
schools in 2022 to improve learning outcomes. Schools in Districts A, B, and C received the
intervention; schools in Districts D, E, and F (similar in demographics) did not. You have data
on average student test scores from 2021 (pre-treatment) and 2023 (post-treatment).
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The regression output for a DiD model is given below: .

Variable | ey e §fd§§£§§%0§ E
. Intercept 0.9 , 0.000 |
b |
Post (2023 =1) 1.8 1.1 0.105
+ Treated (Districts A-C  -1.2 1.0 0.235
=1)
Treated x Post 6.5 1.6 0.000 -

(a) Provide the estimating equation for this DiD setup. What is the estimated effect of the free
textbook scheme on student test scores? Interpret the coefficient in plain language.
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(b) Is the effect statistically significant at the 5% level? Justify your answer.
(c) What is the predicted test score in 2023 for schools in the treated districts? (
(d) What is the key identifying assumption of the DiD method? Explain its importance in this ’
context.

(e) Describe an event-study approach that could be used to assess the plausibility of the parallel
trends assumption before treatment.

(f) Suppose the central government simultaneously launched a teacher training program in
Districts A—C in 2022. How could this confound the DiD estimate and what does it represent?
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3. A researcher studies the effect of access to credit on small business revenue using
observational data. Since access to formal credit is not randomly assigned, the researcher uses
bank branch density in a district as an instrumental variable for credit access. The regression
results are:
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' First Stage (Credit . Branch  density
Access = 1) i (per 100 sq km) | |
............................ ! - — - e P e et et e e
: I , 1
Constant ! 0.30 0.05 ‘ ’
Reduced Form | Branch density 0.048 1 0.016 1'3.00
(Log Revenue) (per 100 sq km)
Constant 10.2 03

Y Estimate | Credit Access i 0.60 I 0.22 1 2.73
(2SLS) o , | |

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

(b) Use the Wald estimator to manually compute the IV estimate. Verify that it matches the
2SLS result given.

(c) Discuss the three key assumptions required for bank branch density to be a valid instrument.
Where is the exclusion restriction most likely to be challenged?

(d) What additional information would you need to perform an F-test for weak instruments?
What are the consequences of using a weak instrument in 2SLS?

(e) What explains a larger IV estimate compared to OLS in this setting? Who are the compliers
in this IV framework? -

(4+3+5+3+3)

4. The Central Government announced a Direct Benefit Transfer (DBT) scheme for cooking
gas subsidies in 2022, eliminating a previous in-kind subsidy. States that adopted DBT early
(by Q1 2022) form the treatment group, while states that adopted it later (after 2023) form the
control group. You have annual data for both groups for 2021 (pre-treatment) and 2023 (post-
treatment). The outcome variable is Average Monthly LPG Expenditure (in %) per household.

The DiD regression is:

LPG_Expi: = o + P1-Post; + - Treated; + Bs-Treated;-Post; + &




0.000

Post 42 22 0.060
pT_r;;ed* .—‘#M—lg - 20 0.460 -

i Post x Treated 75 28 £0.008

(a) What is the estimated effect of the DBT scheme on average monthly LPG expenditure?
Interpret the DiD coefficient in plain language. Is the effect statistically significant at the 5%
level? Justify your answer.

(b) What is the predicted average monthly LPG expenditure in 2023 for households in the
treatment states?

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

(d) Suppose treatment states were already experiencing a declining trend in LPG expenditure
before the policy change due to rising household incomes. How does this violate the DiD
assumption, and what direction of bias would result?

(¢) Explain one robustness check or supplementary approach that could validate the DiD
assumption in this context.

4+2+4+4+4)

5. A state health department launched a community health worker (CHW) program in rural
areas to improve maternal healthcare utilization. Participation was voluntary at the village
Jevel. The researcher suspects systematic selection — villages with pre-existing health
infrastructure may be more likely to participate. To estimate the causal effect on institutional
delivery rates (%), the researcher uses Propensity Score Matching (PSM). The propensity score
is estimated using a logistic regression on baseline covariates: distance to the nearest PHC,
baseline delivery rate, literacy rate, and village population.

After 1:1 nearest-neighbor matching (with replacement), the following regression is run on the
matched sample:

Yi=a+1Di+ g

where Y; is institutional delivery rate (%) and D; = 1 if the village has a CHW.
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Intercept 52.0 3.5 0.000
Treated (D) 11.4 42 0.007

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

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

(c) What is the Conditional Independence Assumption (CIA) in the context of PSM? Why is it
untestable, and what can researchers do to make it more credible?

(d) Describe a method to assess whether the common support assumption is satisfied in this
study.

(¢) Suppose several treated villages have no comparable control matches. What issue arises,
and how might the researcher address it without discarding all unmatched treated units?

() What are the potential limitations of using nearest-neighbor matching with replacement in
this context?

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

6. In 2022, a state government introduced a performance-linked incentive for rural primary
health centres (PHCs) that scored below 50 on a composite health service quality index. PHCs
with a score of 49 or below received additional funding and staff support; those scoring 50 or
above did not. A researcher estimates the impact of this incentive on the percentage of children
fully immunized using two methods:

Regression Discontinuity Design (RDD): PHCs with index scores between 40 and 60 are
used in a local linear regression around the cutoff.

Difference-in-Differences (DiD): The researcher compares PHCs below and above the cutoff
in 2021 (pre-policy) and 2023 (post-policy).

RDD Results (Local Linear Regression, Bandwidth = 10)
Yi=a+1D;+ f{Score; — 50) + g
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Intercept 72.0 1.8

Treated (Score < 50) 4.5 1.6 0.006
Score (centered) 0.5 0.12 0.000




DiD Results

Yi = a + &-Post; + y-Treated; + 7-(Post: Treated;) + &x

Treated —-0.8 1.0 0.420 i
| Post x Treated 2.8 1.0 0.006

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

(b) Explain how the comparison groups differ between the RDD and DiD methods in this
context.

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

(d) What are the limitations of using only PHCs near the cutoff in RDD? How might this affect -
the external validity of the findings?

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

(f) Discuss the advantages of combining RDD with DiD (local DiD around the cutoff) to
strengthen causal claims.
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2. WRT H U U9 TR 7 2022 § TP Whell # RIg 5 IROTH] i Sge I o [elg J0 UIeaqeass (ST AT

FE & | a1 A, B iR C % el i I dier1 0 gs; 9ien D, E ok F (St saifedid! e 9HM €) & Woell &t

I Ao T T g8 | M9 I 2021 (A € 61 § Ted) 3R 2023 (JISFT K B & 916) & ol & Sied
g il F TR |

DiD sfeet % T s sseye i G mn g:

!“r’ © :‘E: “ﬂu}a ’ )@? % WE’%
% i = -
58.0 0.9
agH (2023 = 1) | 1.8 1.1 0.105
TG (P u-di= 1) -1.2 1.0 0.235

IHERG X IG5 H 6.5 1.6 0.000




(a) 29 DiD dear F AT AW THior TG o | F:X[e ToaT Al I STal & I Sichl W SFIART

TG T § 2 T[0Tk Y SARedT SReT I H shlfeig |

. () T I T 5% TR TR Gifeiend €9 @ Heequl §2 10 IR 1 S g Hifer |
(1) Suenfer Fovent & fereeral & foig 2023 & SR e @hR 1 82

() SeTSS T it T URT SSHh HIRI 1 €2 79 95 H 59 Hewd T Wy i |

(%) U e = efiwr o aui RS e STE STER § T80 TR S| bt GRo ol i #T s
FA & e T ST aaaT 2 |

() = ST R 3 TR ¥ 2022 & el -dt # 1o 9y g viRiggor s e | 508 Serddl A S
TS & TehaT § TR 98 T Gl 62 (4+2+2+3+3+4)

3. U QeI e SeT Bl ST e SIS Al S Yo TR Tl Sl SUCTTSIT o WIS 1 ST el & | Y
itoenies 91 St SueEaT TS €9 § Fiia T 2 8, Safeiy Yivewal BT SUTEI % Y U T W) & €9 4
1S S wrarai 3 Wi o SUEIT SRl § | Wi S UROI 6 TR &

f@r 0.30 0.05
e —————— PR
) Cuca)

‘T@R 10.2 0.3
1V saM (2SLS) it @I 0.60 0.22 2.73

(2) Wer =0T 7R URetieper €9 WRATHA & T[T <l e it |

r e e s 4.



(b) aTee TR F1 ST e [V SIH Sl ARSI ITUMT <hifoig | Feia Shiferg 3 a8 7§y g 2S1.S uRom & A

tSIGIEA|

(1) S T T S T T WY AR & A e SN waE Ararel W) i SIS adae ke B qed

e el el ot ST Gehel § 2

(4) IR SEEHE & 7Y Th-3% e o Tolg STve! TR @i ot Sfiiar STei &t STaadhar gt ¢ 2SLS & Fei

ecie 1 ST # & T TR B 62 '

() Su ug H 3Nergd Ft qer A 9o SISt IFTHM I 1 PRV §2 3G STl G1e & Yeheld i 67
(4+3+5+3+3)

4. %Wﬁzozzﬁmwﬁaﬁﬁawa@a%ﬁqmawm(ﬁﬁa)ﬁwa%ﬁwﬁ,ﬁa@%ﬁ

Gl ST aTell aegrTa Siske! THI Bl TS | o T = Sieie! &l Sieg! (2022 i Uget faTel aeh) STU-M, 3 SUeR T8 A

I &, STafes o Tl A 58 915 # (2023 & 916) 1T, 3 Fdeor wig § oI € | S U g 9eel % g 2021

(STER § Te) 2fR 2023 (STIR F §18) 1 aifves ST S & | TR =R 7 IRaR i A1fde Tedieh = (2 H)

21

DiD faF sg vaR &

LPG_Expi: = Bo + B1-Post: + B2-Treated; + B3-Treatedi-Post: + €

A PR
18
Eict) 42 22 0.060
{
JTUR 15 20 0.460

ITER % TG X -75 28 0.008



(2) SIS FrorT o1 e HITSE Terdioh & TR ST HoTa o ¢ ¢ SHange! Tulieh el wXe SIS # ST whiferd | 41
g T 5% TR R FifeIhd €9 & Ag@yul 62 3T TR F i Rig SIS |

() IuaRe T # aRar 3 forg ad 2023 # srpAi ftad At Gadel 559 1 82

(M) SeTEsh ught $t UaE G AT 991 &2 98 29 I % folg ) Aeeqy 82

(=) wF SRS s Aif aRad @ vee & SEiRa asdl § Wi oI § gfg & PR qerdtel = & iree o w2 g s

@1 o | 9 g 9eR DiD @l Al ol Seerd el &, SR 3ud e fwm & yaie sa= g ?

(%) T GegaT Site a1 e TR0 hl ARl IS Sit 36 g A 3.2 Y. IRon = A HR G |
(4+2+4+4+4)

5. TS % e frw ¥ unor &6 7 A1g @R Y@ % STEnT Bl Sgd S & g aneiie e Sriwdal

(Hraeery) FEwR T BT | T &R W TG WBie ft | My 5 afeia = & 95g ¢ - o dl # ved @

& e G SRS et Hieig §, % W @ B I e S T § | SR T g (%) T RV W

STAM T 3 forg, R MRS whie Afti (Toeas) 1 ST 37 § | R ThR ol SFAM wifsiieed R

1 SR e SR TRl TR STl STl &: Fievea wrfiics W 3 6l gfl, STURe T9E &, el &% 3R

UTH SEET |

1:1 Prereas-rSidt far (wRem wia) % a1e, e g g R ) Rafefa sfivm =emEr s e:

Yi=o+TDi+ g

Sl Y; SRITe TEE X (%) & oiR D; = 1 afd vt & Ueh wreeiiiies Tie e ¢ |

IuaRd () 11.4 4.2 0.007

(2) STETRA =R TR 0TI Sl SIET hfSiY | F STHI T G 62

Py

R



é
g
E
E
E
ﬁ
]
g

T T ey NV TR TN T vy ey, Ny

Ty TR

Ll

o

(b) wiitifEet whR % fwior § RfRR SRfSfeR Atee (qerdtun) &t gemn A wifoie Afew #i ol wrafiear §f s &2

(1) ueud &% Ge § R Teier YRon (SRIEN) 491 § 2 98 i 941 8, 3K ikl 58 e RETRa 1
GRS TR

(9) 3o 37eage & Qe gHee RO GqE © 91 e, S SThe $e 6 [T & Ui FHiferg |

(e) = WS o = Sumnie 7Tl & g Jermig FdavT ST Tol © | SO0 ST THET SoF Bl &, 31X e ot i
TR TR ! BT T ST Tl 8 o Gepeli 6 ¢

(f) 35 G A wicena & A Fereas- e e o1 SudhT & Sl amRa S g 3 +3+3+3+3+3)

6. 2022 H, T TSI TRER A AT WA @eed g (M) & foig neRiE-maia wred disHr e o, S
Y T T J[UTer YEiehich U ThIK 50 T H AT | 49 7 36 S ThiK a1 Gt @l st o il e agmar
IS g5 50 AT 394 31 R a1t Goawl i a8 Tl el fHeit | G gewal 2 ot iRl o1 et &< qul w0 @
ARRIE S % i IR 39 WicTe 3 WG Sl AT ol &

e feudierge! feame (aTREI):40 iR 60 3 <te gaehic whik aTel HIIfH TR g ol ST et & ST
e e i & e ST g 1

IfR-TR-3fee (DiD):Tyepar 2021 (Fifd & Tga) 3K 2023 (Fifd & 918) 7 Heaiie T Y ot IR & wufis @
&gl g BT g |
STEIE! uftos (Wi e e, Sefdey = 10)

Yi = o + T-D;j + (&0 — 50) + &

JIEIRG (TP < 50) 4.5 1.6 0.006

@i (SHfea) 0.5 0.12 0.000




did uftoms

Yii = & + 801 + y-aS + T-(IeeySesh) + €t

PrOTHRAN

(a) A RDD 7= &, & RDD &7 DiD Sigar & 951 741 & 9erdll 62
(@) 39 G5 & RS2, olk .2 &, ARl % e gom wwgl # oftR @ Wy Hifeig |
(M) 37 g5t F U Rl o ol S STt SRS 1A i Shengel W raiHerar &f sy |

(a) SIS & Teaifes 3 Fiore T o o & Ui e St o1 AT § 2 S Frreamsil ohi SRy e TR o A 98
(%) e TRFRARET & ST uararaye! SRHAM e BT, 9a 8§ SRS s du wda el ?
(9) T G50 g B Horad FRA & fag RDD &t DiD (FFesiles 3 smaum R DiD) & ary aiferd s & ars

TR = B | ' .

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

i

(200)




