
Final Exam

EC031-S26

Note: Please make sure to read all the instructions carefully, especially as it pertains to 

the Stata portion of the exam.

Choose and answer 4 out of 5 questions. You will not receive extra credit for answering all 

questions.

The exam is out of 100 points. By default, all math-involved questions require showing your work, 

unless otherwise stated. Simply writing down the right answer is not enough for full credit.

For “explain your answer” questions, the length of the answer is not as important as being able 

to clearly explain your thinking. As a general rule, 3-5 sentences should suffice.

The amount of space that I give you is not indicative of how much is needed to answer the 

question. Clearly mark the questions that you choose.

Note: The last page of the exam is an F-distribution table.

The Stata portion of the exam will be given in the form of a Moodle quiz.

You cannot start the Stata portion of the exam, until you have completed the written 

portion of the exam.

Question 1 [25 points]
You are estimating the following model on a sample of 100 observations:

consumption𝑖 = 𝛽0 + 𝛽1 ⋅ income𝑖 + 𝜖𝑖

To test for heteroskedasticity, you divide the sample into two groups:

- Group 1: Lowest 1/3 of observations based on income

- Group 2: Highest 1/3 of observations based on income

(You drop the middle third.)

You then estimate the model separately on both groups. Below is the output from the two 

regressions:

Group 1: Lowest 1/3 of observations based on income

      Source |       SS           df       MS      Number of obs   =        34

-------------+----------------------------------   F(1, 32)        =      0.09

       Model |  138.450031         1  138.450031   Prob > F        =    0.7678

    Residual |  49952.4832        32   1561.0151   R-squared       =    0.0028

-------------+----------------------------------   Adj R-squared   =   -0.0284
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       Total |  50090.9332        33  1517.90707   Root MSE        =     39.51

------------------------------------------------------------------------------

 consumption | Coefficient  Std. err.      t    P>|t|     [95% conf. interval]

-------------+----------------------------------------------------------------

      income |   .1600444   .5373998     0.30   0.768    -.9346031    1.254692

       _cons |   66.08665   40.42751     1.63   0.112     -16.2615    148.4348

------------------------------------------------------------------------------

Group 2: Highest 1/3 of observations based on income

      Source |       SS           df       MS      Number of obs   =        33

-------------+----------------------------------   F(1, 31)        =      0.04

       Model |  210.439315         1  210.439315   Prob > F        =    0.8384

    Residual |  154201.659        31  4974.24707   R-squared       =    0.0014

-------------+----------------------------------   Adj R-squared   =   -0.0309

       Total |  154412.098        32  4825.37808   Root MSE        =    70.528

------------------------------------------------------------------------------

 consumption | Coefficient  Std. err.      t    P>|t|     [95% conf. interval]

-------------+----------------------------------------------------------------

      income |    .150965   .7339671     0.21   0.838    -1.345971    1.647901

       _cons |    116.163   98.97162     1.17   0.249    -85.69093     318.017

------------------------------------------------------------------------------

a. Compute the Goldfeld-Quandt F-statistic.

b. Based on your result and a 10% level of Type-I error, what do you conclude about the presence 

of heteroskedasticity? (You only need to guesstimate the critical value.)

c. What does this imply about OLS and its assumptions?

d. In order to account for the heteroskedasticity, you decide to use robust standard errors. Below 

are the two regression tables for the full sample of 100 observations. The first shows the 

regression results assuming homoskedasticity, and the second shows the regression results 

with robust standard errors.

How did the standard errors change? What does this imply about the significance of the coeffi

cients now? If you had not calculated robust robust standard errors, would you be over- or 

under-estimating the significance of the coefficients?
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Full Sample, Homoskedasticity Assumed

      Source |       SS           df       MS      Number of obs   =       100

-------------+----------------------------------   F(1, 98)        =     13.80

       Model |  52562.0813         1  52562.0813   Prob > F        =    0.0003

    Residual |  373251.643        98  3808.69024   R-squared       =    0.1234

-------------+----------------------------------   Adj R-squared   =    0.1145

       Total |  425813.725        99  4301.14874   Root MSE        =    61.715

------------------------------------------------------------------------------

 consumption | Coefficient  Std. err.      t    P>|t|     [95% conf. interval]

-------------+----------------------------------------------------------------

      income |   .8338093   .2244493     3.71   0.000     .3883969    1.279222

       _cons |   26.49095   24.14265     1.10   0.275    -21.41936    74.40125

------------------------------------------------------------------------------

Full Sample, Robust Standard Errors

Linear regression                               Number of obs     =        100

                                                F(1, 98)          =      15.23

                                                Prob > F          =     0.0002

                                                R-squared         =     0.1234

                                                Root MSE          =     61.715

------------------------------------------------------------------------------

             |               Robust

 consumption | Coefficient  std. err.      t    P>|t|     [95% conf. interval]

-------------+----------------------------------------------------------------

      income |   .8338093   .2136697     3.90   0.000     .4097887     1.25783

       _cons |   26.49095   20.21286     1.31   0.193    -13.62082    66.60271

------------------------------------------------------------------------------

Question 2 [25 points]
Suppose we would like to see the effect of poverty on academic performance in California high 

schools. To capture poverty, we decide to use free lunch eligibility and to capture performance, 

we decide to use the API (academic performance index) which is collected from all California 

high schools. We collect a representative sample and run a regression to the following population 

model:

𝐴𝑃𝐼𝑖 = 𝛽0 + 𝛽1𝐹𝐿𝐸𝑖 + 𝜀𝑖
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We are concerned that parental education is not included in the regression, thus creating corre

lation between 𝐹𝐿𝐸𝑖 and 𝜀𝑖.

a. Do you think that our regression gives a causal impact of free lunch eligibility on academic 

performance? Why or why not? What would be the direction of the bias?

Let’s say that we don’t have any observations on parental education as parents refused to give 

that information. We decide to think about an instrument that we could use instead. For each of 

the following instruments for 𝐹𝐿𝐸𝑖, explain why or why not they would be good instruments. 

Form you answer in terms of relevance and the exclusion restriction (for the exclusion restriction, 

you can assume that the only source of endogeneity is parental education):

b. The average income of each county in California

c. The number of students who own cars.

d. A natural disaster that randomly hit some counties in California that are in the sample.

Question 3 [25 points]
In class we learned that within the potential outcomes framework, the simple difference in means 

(SDM) between the treatment and controls groups can be decomposed into the following:

𝐸[𝑌 | 𝐷 = 1] − 𝐸[𝑌 | 𝐷 = 0] = 𝐸[𝑌 1] − 𝐸[𝑌 0]  Term 1

+𝐸[𝑌 0 | 𝐷 = 1] − 𝐸[𝑌 0 | 𝐷 = 0]  Term 2

+(1 − 𝜋)(𝐴𝑇𝑇 − 𝐴𝑇𝑈)  Term 3

where 𝜋 is the proportion of the treated group.

a. What are ATT and ATU? Why aren’t they equal?

b. What is Term 1 in the above decomposition?

c. What is Term 2 in the above decomposition?

d. What is Term 3 in the above decomposition?

Below is a table of potential outcomes with a sample of patients that received surgery as a 

treatment and those that didn’t. The outcome is defined as the number of years that patients lived 

post-surgery.

A “perfect, benevolent doctor” sorted patients into receiving or not receiving surgery based on 

observing each patient’s potential outcomes and then choosing the treatment that would yield 

the best outcome for them.

The potential outcomes table has the following columns:

• 𝑌 1: The potential outcome if receiving surgery

• 𝑌 0: The potential outcome if not receiving surgery

• 𝐷: The actual treatment received (1 = surgery, 0 = no surgery)

• 𝑌 : The actual observed outcome
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Patient Surgery (𝑌 1) No Surgery (𝑌 0) 𝐷 𝑌

1 8 1 1 8

2 5 6 0 6

3 5 1 1 5

4 7 8 0 8

5 5 2 1 5

6 3 4 0 4

7 6 4 1 6

e. What variables are actually observed in the table? What variables are not usually observed? 

Explain why we can never observe both potential outcomes for the same individual simulta

neously.

f. What is the value of the SDM?

g. What is the value of Term 1?

h. What is the value of Term 2?

i. What is the value of Term 3?

j. Verify that the SDM is equal to the sum of the three terms.

Question 4 [25 points]
You’re analyzing the effect of vaccination (V) on infection rate (I), where health status (H) affects 

both V and I, and hospital visits (HV) are affected by both V and I.

a. Draw the DAG.

b. Write the linear regression specification for each variable in the DAG if the DAG implies that 

the variable is a function of the other variables.

c. Identify a confounder and a collider. Explain why they are a confounder or a collider.

d. Explain what would happen if you controlled for hospital visits in your regression.

e. What is the backdoor path between V and I, and how would you block it?

f. If this DAG were true, what would be the best way to estimate the causal effect of vaccination 

on infection rate? Write down the regression you would run. Explain why.

Question 5 [25 points]
34. Fast Food Sales. Management proposed the following regression model to predict sales at a 

fast-food outlet.

𝑦 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + 𝛽3𝑥3 + 𝜖
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where

𝑥1 =  number of competitors within one mile 

𝑥2 =  population within one mile (1000 s)

𝑥3 = {1  if drive-up window present 

0  otherwise 

𝑦 =  sales ($1000 s)

The following estimated regression equation was developed after 20 outlets were surveyed.

𝑦 = 10.1 − 4.2𝑥1 + 6.8𝑥2 + 15.3𝑥3

a. What is the expected amount of sales attributable to the drive-up window?

b. What are sales for a store with two competitors, a population of 8000 within one mile, and no 

drive-up window?

c. Suppose I defined 𝑥4 as:

$$ \begin{aligned} & x_4=\left\{\begin{array}{l} 1 \text { if drive-up window is \textbf{NOT} present } 

\\ 0 \text { otherwise } \end{array}\right. \\ \end{aligned} $$

And then I ran the regression:

𝑦 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 + 𝛽3𝑥3 + 𝛽4𝑥4 + 𝜖

What would happen? Why?
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