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[This question paper contains 12 printed pages.]

Your Roll No................
Sr. No. of Question Paper : 6224 J
Unique Paper Code : 2273100027
Name of the Paper :  Introduction to Causal Inference
Name of the Course : Common Pool of DSE
Semester VI
Duration : 3 Hours Maximum Marks : 90

Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt of this question paper.

2. There are two Sections, A & B with a total of 6 questions.

3. Question 1 from Section A is compulsory. .

4. Answer any 4 out of the 5 questions from Section B.

5. Marks are given at the end of each question.

6. Use of simple calculators is allowed.

7. Answers may be written either in English or Hindi; but the same medium should
be used throughout the paper.
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Section A

Show how the Simple Difference in Outcomes (SDO) can be written as a
function of the Average Treatment Effect on the Treated (ATT/ATET) and a

selection bias term.

How does unit randomization help in getting an unbiased estimate of the
ATT?

With regard to part (b), what if selection into treatment is independent only
of Y? and not of Y.

Explain why it might still be beneficial to include 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.

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 B

2. In 2020, City A introduced a new public transportation subsidy aimed at reducing
commuting costs for low-income residents. City B, with a similar demographic

i 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 Coefficient 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 13 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 5% 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 of City A between 2019 and 2021,
disproportionately affecting commuting patterns. How could this confound
the DiD estimate? (4+2+2+3+3+4)
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3.

4.

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.

4

Estimation Method ATT Estimate ($) | Standard Error | t-statistic
PSM 1794 875 2.05
Radius (0.01) 1850 880 2.10
Mahalanobis 1680 %500 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.

(¢) 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?

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

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 | Independent Variables | Coefficient | Std. Error | t-stat
First Stage (Years of .. ‘
Education) Proximity to college 0.9 0.3 3.0
Constant 125 0.8
Reduced Form (Log Proximity to college 0.18 0.07 2.57
Income)
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:

Electricity, = a + ©.D, + f(Income — 5,00,000) + & i
Where :
— D,=1 if the household earns less than ¥5,00,000 (eligible), and 0 otherwise.

— 1() 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?

PT.O.
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sector workers. Workers who enrolled in the program received a 50% subsidy

6

household that just qualifies for the subsidy?

causal estimate in this context?

the RDD assumptions are plausible.

Is this effect statistically significant at the 5% level? Provide your reasoning.

What is the predicted electricity consumption at the income threshold for a

What is the key identifying assumption for the RDD design to yield a valid

How might income misreporting around the ¥5,00,000 threshold affect the
validity of the RDD? What type of bias could it introduce?

Describe a diagnostic test or visual analysis that could help assess whether
(3+2+3+4+3+3)

In 2020, a city government introduced a health insurance subsidy for informal

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—treatrﬁent
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) ;‘ﬁsing 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 DiD rely 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)
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