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Section A

Maximum Marks : 90

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)Explainhowunitrandomizationeliminatesbothselectionbiasandheterogeneoustreatment
effect bias from the SDO. What property of randomization is essential for this result?

(c) 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?

(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.



(e)Agoverrmentevaluatestheeffectofacashtransferprogramforfarmers.Treatedfamers,
uponreceivingcash,purchasefertilizersfromlocalshops,whicharealsopatronizedbycontrol
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 8

2.  A state goverrment in India introduced a fi.ee textbook distribution scheme for government
schools in 2022 to improve leaning outcomes. Schools in Districts A, a, 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 Ore-treatment) and 2023 (post-treatment).

The regression output for a DiD model is given below:
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(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 coefflcient in plain language.

(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)Describeanevent-studyapproachthatcouldbeusedtoassesstheplausibilityoftheparallel
trends assumption before treatment.

(I)  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?

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



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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Reduced       Fom  i  Branch       density     0.048

(Log Revenue)           ®er 100 sq kin)

Constant                       10.2

i  IV            Estimate
(2SLS)

Credit Access          i  o.60

1

I   0.016 i   3.oo

i   2.73

(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)Discussthethreekeyassumptionsrequiredforbankbranchdensitytobeavalidinstrument.
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 Goverrment announced a Direct Benefit Transfer (DBT) scheme for cooking

gas subsidies in 2022, eliminating a previous in-kind subsidy.  Stat-es that adopted DBT early
(by Q12022) 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 Ore-treatment) and 2023 ®ost-
treatment). The outcome variable is Average Monthly LPG Expenditure (in €) per household.

The DiD regression is:

LPG_Expit = Po + Pi .Postt + P2.Treatedi + P3.Treatedi.Postt + sit
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Treated                                    15                                             20                                             0.460
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(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?

(e)  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 matemal healthcare utilization.  Participation was voluntary at the village
level.  The  researcher  suspects  systematic  selection  -  villages  with  pre-existing  health
infrastructure may be more likely to participate. To estimate the causal effect on institutional
deliveryrates(%),theresearcherusesPropensityScoreMatching(PSM).Thepropensityscore
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 - ct + I.Di + €i

where Yi is institutional delivery rate (%) and Di = 1 if the village has a CHW.
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(a) Interpret the coefficient on the Treated variable. What does this estimate represent?

(b) Why is a logit model prefeITed 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.

(e)  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?

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

(3 + 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 aiDD):  PHCs with index scores between 40 and 60 are
used in a local linear regression around the cutoff.

Difference-in-Differences a)iD): The researcher compares PHCs below and above the cutoff
in 2021 tore-policy) and 2023 ®ost-policy).

RDD Results qocal Linear Regression, Bandwidth = 10)

Yi = ci + I.Di + I(Scorei -50) + si

Intercept

Treated (Score < 50)          4.5

Score (centered)                  0.5
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DiD Results

Yit = Ch + 8.Postt + y.Treatedi + I.a?ostt.Treatedi) + 8it
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(a)AssumingtheRDDisvalid,whymighttheRDDestimatebelargerthantheDiDestimate?

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

(c)Discussasituationinthiscontextwherethe`RDDestimatewouldbepreferredoverDiD.

(d)WhatarethelimitationsofusingonlyPHCsnearthecutoffinRDD?Howmightthisaffect
the extemal validity of the findings?

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

(I)  Discuss the advantages  of combining RDD  with DiD  (local DiD  around the cutofty  to
strengthen causal claims.

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