
Exam ECON3150/4150: Introductory Econometrics.

25 May 2020; 09:00 (5 hours)

If you are asked to derive something, give all intermediate steps. Do not answer questions

with a "yes" or "no" only, but carefully motivate your answer.

Guidelines for correctors: The exam has 20 sub-questions and for each sub-question a

maximum of 5 points can be obtained. This means that a total of 100 points can be obtained

in this exam. Based on student performance in previous years I suggest to use the following

cut-o�s to convert points to grades (but since this is a home exam instead of a regular exam

we need to see whether this is indeed the best way to convert points to grades):

A 90≤points
B 80≤points≤89
C 60≤points≤79
D 46≤points≤59
E 36 ≤points≤45
F points≤ 35

Question 1

A researcher wants to investigate if the number of hours that children go to school during a

year a�ects test scores. She has a panel data set with information on 150 regions for the years

2000-2010. The dependent variable testscoreit is the average test score (in points) obtained by

students in region i in year t. The explanatory variable hours in schoolit is the number of hours

that students spent in school in region i in year t.

a) The researcher decides to estimate the following regression model by OLS

testscoreit = β0 + β1 · hours in schoolit + uit (1)

She obtains the following estimation results
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Give an interpretation, in words, of the estimated coe�cient β̂1.

Solution (10 points):β̂1 = 0.43 is the estimated change in region average test scores when the

number of hours that children go to school during a year increases by 1. An additional hour in

school is thus associated with an increase in average test scores by 0.43 points.

b) Is the coe�cient on hours in schoolit signi�cantly di�erent from zero at a 1 percent signi�-

cance level?

Solution (10 points): H0 : β1 = 0 vs H1 : β1 6= 0. Construct the t-statistic:

t =
0.43252− 0

0.014356
= 30.1

The absolute value of the t-statistic is bigger than 2.58 so we reject H0. The coe�cient on

hours in schoolit is signi�cantly di�erent from zero at a 1 percent signi�cance level.

c) The researcher decides to take the logarithm of test scores as dependent variable and estimates

the following regression model by OLS

ln(testscoreit) = π0 + π1 · hours in schoolit + εit (2)

She obtains the following estimation results

Give an interpretation, in words, of the estimated coe�cient π̂1.

Solution (10 points): This is a log-linear model. The (approximate) interpretation of π̂1 is

that if students spent an additional hour in school this is associated with an increase in average

test scores by about 0.8 percent (100*π̂1%).
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d) Compute a 95 percent con�dence interval around π1.

Solution (10 points): 95% con�dence interval for π1 is

[π̂1 − 1.96× SE (π̂1) , π̂1 + 1.96× SE (π̂1)]

Using the results in the R output gives:

[0.00845517− 1.96× 0.00033237 , 0.00845517 + 1.96× 0.00033237]

[0.0078 , 0.0091]

e) Do you think that the OLS estimator of π1 is an unbiased estimator of the causal e�ect of

hours in schoolit on ln(testscoreit)? Explain why or why not.

Solution (10 points): To answer this question students need to think about potential threats to

internal validity. One potential threat to the internal validity is omitted variable bias. Regions in

which students spent many hours in school might di�er in characteristics from regions in which

students spent fewer hours in school. For example if regions that care a lot about the education

of children o�er both high quality education and many school hours and regions that care less

about education o�er lower quality education and fewer hours in school, the OLS estimator of

π1 will be biased due to omitted variable bias. Another potential threat to internal validity that

will cause the OLS estimator to be biased is measurement error. Especially measurement error

in hours spent in school will lead to a biased OLS estimator of π1.
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f) The researcher decides to use an instrumental variable approach to estimate the causal e�ect

of hours spent in school on average test scores. In 2005 there was a pandemic and all

schools were closed for part of the year. She decides to create a binary variable pandemict

which equals one for all regions in 2005 and zero otherwise. She estimates the following

�rst stage regression model by OLS

hours in schoolit = δ0 + δ1 · pandemict + εit (3)

and obtains the following estimation results

Do you think that the instrument relevance condition holds? Is pandemict a weak instru-

ment?

Solution (10 points): Instrument relevance, Cov(hours in schoolit, pandemict) 6= 0, can

be investigated using the �rst stage regression. The �rst stage F-statistic equals F = (t)2 =(
−59.52667
1.29461

)2
= 2114.2, which is much bigger than the rule-of-thumb value of 10. The instrument

relevance condition holds and pandemict is a not a weak instrument.

g) The researcher estimates the following regression model by OLS

ln(testscoreit) = γ0 + γ1 · pandemict + υit

and obtains the following estimation results.
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Use these results in combination with the �rst stage results from part f) to compute the

instrumental variable estimate of the e�ect of hours in schoolit on ln(testscoreit).

Solution (10 points): There is an alternative way of computing the instrumental variable estima-

tor:

β̂IV =
1

n−1

∑n
i=1(Yi−Ȳ )(Zi−Z̄)

1
n−1

∑n
i=1(Xi−X̄)(Zi−Z̄)

=
1

n−1

∑n
i=1(Yi−Ȳ )(Zi−Z̄)/ 1

n−1

∑n
i=1(Zi−Z̄)2

1
n−1

∑n
i=1(Xi−X̄)(Zi−Z̄)/ 1

n−1

∑n
i=1(Zi−Z̄)2

= SZY /S
2
Z

SZX/S2
Z

• SZY

S2
Z

is the OLS estimator when regressing Yi on Zi

• SZX

S2
Z

is the OLS estimator when regressing Xi on Zi

This implies that the IV estimator of the e�ect of hours in schoolit on ln(testscoreit) equals

β̂IV =
γ̂1

δ̂1
=
−0.240918
−59.52667

= 0.004

h) Do you think that, when using pandemict as an instrument to estimate the causal e�ect of

hours in schoolit on ln(testscoreit), the instrument exogeneity condition holds? Explain

why or why not.

Solution (10 points): Instrument exogeneity: Cov(pandemict, εit) = 0. The instrument

exogeneity condition consists of two components: independence and the exclusion restriction.

Independence might be violated because pandemict is equal to one for all regions in 2005 and

might therefore pick up cohort e�ects. If there is something speci�c in 2005 which is unrelated

to the pandemic this will be picked up by the instrument. The exclusion restriction might also

be violated. If students become ill due to the pandemic this might have a direct e�ect on their

test scores. (describing one potential reason for a violation of instrument exogeneity is enough

to get full points).

i) Instead of using an instrumental variable approach the researcher decides to include region

�xed e�ects. She estimates the following regression model

ln(testscoreit) = θ0 + θ1 · hours in schoolit + ηi + νit (4)

and obtains the following estimation results.
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Compare these results to the results in part c) and explain whether the results di�er and

if so why.

Solution (10 points): The estimated coe�cient on the variable hours in schoolit when in-

cluding region �xed e�ects is much smaller than the estimated coe�cient on hours in schoolit

in the regression model without �xed e�ects in part c). This indicates that the regression model

without �xed e�ects in part c) su�ers from omitted variable bias. Regions where students spent

on average many hours in school seem to di�er in (time-invariant) characteristics from regions

where students spent on average fewer hours in school, and these characteristics a�ect average

test scores.

j) The researcher thinks that estimating the following model by OLS

ln(testscoreit)− ln(testscoreit−1) = θ1 · (hours in schoolit − hours in schoolit−1) + (νit − νit−1)
(5)

will give an identical estimate of the causal e�ect of hours in schoolit on ln(testscoreit) as

the estimate shown in the R-output in part i). Is she right, explain why or why not.

Solution (10 points): When the number of time periods is exactly 2, so T=2, the within (or

entity-demeaned) estimation procedure and the �rst-di�erences estimation procedure will give

identical estimates of the causal e�ect of hours in schoolit on ln(testscoreit). In this exercise

the number of time periods is not 2 but 11 (2000-2010), estimating equation (5) is therefore

unlikely to give an identical estimate as the estimate obtained by the within estimation procedure

in part i) (they might be very similar though).

k) The test is in English and in some regions students don't have English as their native lan-

guage. The researcher thinks this might a�ect test scores and decides to include the binary

variable no englishi which equals one for regions where students don't have English as their

native language and zero otherwise. She estimates the following regression model

ln(testscoreit) = θ0 + θ1 · hours in schoolit + θ2 · no englishi + ηi + ωit (6)
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and obtains the following estimation results.

Explain why the R-output does not show an estimated coe�cient on no englishi. Is it

possible to estimate the coe�cient on the variable no englishi when region �xed e�ects

are included in the regression model?

Solution (10 points): The variable noenglishi varies between regions but it does not vary over

time (it does not have a subscript t) it is therefore perfectly multicollinear with the region �xed

e�ects. It is not possible to estimate a model that includes region �xed e�ects and no englishi.

R therefore omits the variable no englishi from the regression.
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l) The researcher wants to control for omitted variables that are common across regions but

that vary over time and decides to include year �xed e�ects. She estimates the following

regression model

ln(testscoreit) = θ0+θ1 ·hoursinschoolit+ηi+τ1 ·year2001+ ...+τ10 ·year2010+µit (7)

She wants to test whether the time �xed e�ects are jointly signi�cantly di�erent from zero

and performs an F-test with the following results:

Are the time �xed e�ects jointly signi�cantly di�erent from zero at a 1 percent signi�cance

level?

Solution (10 points): H0 : τ1 = 0& τ2 = 0& τ3 = 0& τ4 = 0& τ5 = 0& τ6 = 0& τ7 = 0& τ8 =

0 τ9 = 0 & τ10 = 0 vs H1 :at least one of the coe�cients τ1, ..., τ10is unequal to zero.

The F-statistic is given in the R output and equals F=1.47. There are 10 restrictions under the

null hypothesis and the number of observations is large (n=1650) which implies that we can use

the following critical value F 1%
10,∞ = 2.32. Since 1.47<2.32 we do not reject the null hypothesis

at a 1% signi�cance level.
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Question 2

A business owner wants to know if bonus payments will increase the work e�ort of the employees.

He asks his research department to set up an experiment in order to estimate the average

causal e�ect of bonus payments on work e�ort. The research department randomly assigns 500

employees either to a treatment group or a control group. The 250 employees assigned to the

treatment group receive a bonus if they meet the target, the 250 employees in the control group

do not get a bonus if they meet the target. The experiment lasts for 3 months and at the end of

the period the research department collects information on work e�ort. They construct a binary

variable efforti which equals one if the worker exerted high e�ort during the 3 months and zero

if the worker exerted low e�ort. The data set collected by the research department contains in

addition a binary variable bonusi which equals one if the worker was assigned to the treatment

group and zero if assigned to the control group and the variable femalei which equals one for

female employees and zero for male employees.

a) The research department decides to estimate the following regression model by OLS

efforti = β0 + β1 · bonusi + ui (8)

and obtains the following estimation results

Give an interpretation, in words, of the estimated coe�cients β̂0 and β̂1.

Solution (10 points): β̂0 = 0.44 is share of employees in the control group that exert high

e�ort. β̂1 = 0.096 is the di�erence in the share of employees that exert high e�ort between the

treatment and control group, it is the estimated average causal e�ect of the bonus payment on

the probability of exerting high e�ort. The share of employees in the treatment group that exert

high e�ort is equal to β̂0 + β̂1 = 0.536

b) The experiment started during the summer holiday and all 500 workers of the �rm were

randomly assigned to the treatment or control group. Part of these workers are students.

Midway during the experiment, the summer holiday ends and all students quit their job
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and go back to school. These students are therefore not part of the data set collected

by the research department. Do you think that the OLS estimator of β1 in model (8)

(estimated in part (a)) is a consistent estimator of the causal e�ect of bonus payments on

the probability of exerting high e�ort? Explain why or why not.

Solution (10 points): This is an example of attrition. The attrition is related to a pre-

determined characteristic (whether an employee is a student) and all workers (and thus also

all workers who are students) are randomly assigned to the treatment and control group. The

attrition is therefore not related to the treatment and it will therefore not (or very unlikely) result

in an inconsistent OLS estimator of the causal e�ect of bonus payments on the probability of

exerting high e�ort. The attrition is not a threat to internal validity, but it can be a problem

for the external validity depending on whether the students are part of the population of interest

or not.

c) The business owner wants to know if men and women respond di�erently to bonus payments.

In order to answer this question the research department decides to estimate the following

regression model by OLS

efforti = β0 + β1 · bonusi + β2 · femalei + β3(bonusi × femalei) + εi (9)

and obtains the following estimation results

Give an interpretation, in words, of the estimated coe�cient β̂3. What is the estimated

e�ect of bonus payments on the probability of exerting high e�ort for men and for women?
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Solution (10 points): β̂3 = −0.27 is the estimated coe�cient on the interaction term between

bonusi and femalei, it measures the di�erential e�ect of bonus payments on the probability of

exerting high e�ort between men and women. The estimated average casual e�ect of bonus

payments on the probability of exerting high e�ort for men equals 0.23, or 23 percentage points.

The estimated average causal e�ect of bonus payments on the probability of exerting high ef-

fort for women equals -0.039 (0.2348-0.2738), or minus 3.9 percentage points. The estimated

average causal e�ect of bonus payments is thus 0.2738, or 27.38 percentage points, lower for

women.

d) The business owner wants to know if the probability of exerting high e�ort di�ers signi�cantly

between men and women in absence of a bonus payment. Use the results of part c) and a

5 percent signi�cance level to answer the question of the business owner.

Solution (10 points): In order to answer the question you should conduct a t-test with the

following null and alternative hypotheses:

H0 : β2 = 0 vs H1 : β2 6= 0

Construct the t-statistic:

t =
0.196− 0

0.0625
= 3.14

The absolute value of the t-statistic is bigger than 1.96 so we reject H0. The probability of

exerting high e�ort di�ers signi�cantly between men and women in absence of a bonus payment

e) The business owner wants to know if the probability of exerting high e�ort di�ers signi�cantly

between men and women in case workers receive a bonus payment if they meet the target.

Explain how the research department can answer the question of the business owner.

Solution (10 points): In order to answer the question the research department can conduct

a t-test with the following null and alternative hypotheses:

H0 : β2 + β3 = 0 vs H1 : β2 + β3 6= 0

Alternatively, the research department can estimate the following model, using only the workers

assigned to the treatment group:

efforti = π0 + π1 · femalei + υi

and perform a t-test with the following null and alternative hypotheses:

H0 : π1 = 0 vs H1 : π1 6= 0
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f) The research department decides to estimate a logit model and they obtain the following

estimation results

What is the estimated e�ect of bonus payments on the probability of exerting high e�ort

for men and for women?

Solution (10 points): the estimated e�ect of bonus payments on the probability of exerting
high e�ort for men:

̂4Pr(effort = 1|femalei = 0) =
(
1/
(
1 + e−(−0.668+0.965)

))
−
(
1/
(
1 + e−(−0.668)

))
= 0.574− 0.339

= 0.235

the estimated e�ect of bonus payments on the probability of exerting high e�ort for women:

̂4Pr(effort = 1|femalei = 1) =
(
1/
(
1 + e−(−0.668+0.965+0.808−1.121)

))
−
(
1/
(
1 + e−(−0.668+0.808)

))
= 0.496− 0.535

= −0.039
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g) Does the 99 percent con�dence interval around the logit coe�cient on the interaction term

between femalei and bonusi include the value zero?

Solution (10 points): The 99% con�dence interval is

[−1.12148− 2.58× 0.36589 , −1.12148 + 2.58× 0.36589]

[−2.065 , −0.177]

The con�dence interval does not include the value zero.

h) The research department decides to estimate a probit model and they obtain the following

estimation results

What is the estimated e�ect of bonus payments on the probability of exerting high e�ort

for men and for women?
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Solution (10 points): the estimated e�ect of bonus payments on the probability of exerting
high e�ort for men:

̂4Pr(effort = 1|femalei = 0) = Φ (−0.416 + 0.601)− Φ (−0.416)

= 0.5714− 0.3372

= 0.234

the estimated e�ect of bonus payments on the probability of exerting high e�ort for women:

̂4Pr(effort = 1|femalei = 0) = Φ (−0.416 + 0.601 + 0.503− 0.699)− Φ (−0.416 + 0.503− 0.699)

= 0.4960− 0.5359

= −0.039
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