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Economics of Education Final Exam June 16, 2020

This document provides a sketch of solutions to the exam. The provided
solutions are intended as a guide to answering the questions, and are not meant as
exhaustive. The written solutions would have to be worked out more completely.

This is the final exam for Economics of Education, Spring 2020. You have three hours
to answer the following 5 questions. The exam assignment is given in English and must
be answered in English. According to the decision of the Board of Study due to the
Corona-crisis, the exam is an online take-home exam. The exam is still individual and
you may not communicate with others about the exam assignment or solutions in any
circumstances.
Draft your responses with an eye to clarity of exposition and structure as well as to
showing your understanding of the concepts learned in class. Link the problem at hand
to economic theory. You are free to make any reasonable assumptions that help you in
answering, as long as you are specific and explicit.

Make sure to pace yourself. Also, you may choose to work on the questions in a different
order : All questions can be answered independently.
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FIRST PART

Gifted education program in Italy

Programs for gifted students find their rationale in the public interest to promote individ-
ual self-fulfillment and in the positive returns in terms of economic and societal develop-
ment ([Renzulli(2012)]). Since the late ’80s, several special education programs targeting
gifted students have been introduced in the US. These programs involve around 7% of
the overall student population ([Card and Giuliano(2014)]). In Europe, many countries
have introduced laws to match gifted students’ needs for special intervention starting in
2000.

The share of Italian top performers (students who attained levels 5 or 6 in PISA tests) is
only 9.5% compared to 11.4% in the entire OECD. In this context, gifted programs may
be useful to improve performance at the top of the Italian distribution. Only recently, in
2019, the Ministry of Education acknowledged gifted students’ needs for special attention
(Law 562/2019) and decided to invest in a gifted mathematics program for high
school students. The camp takes place once a year and lasts three days. It targets
students of high ability from high schools, grades one to four (ages 14 to 18).

Questions

1. (1) Outline the classical Ben Porath human capital model (describing the variables
involved) and use it to analyze the implications of the investment in the gifted
mathematics program.

(2) Where would the program enter in this model? (Which variable would you use?)

(3) What are the effects of this program in terms of educational attainement?

(4) How would the program impact inequality? Reflect on the target and the timing
of the investment (secondary education).

(5) Would the effect be homogenous (i.e., equal for all students)?

(6) How would the impact of the program differ if the target of the gifted program
were college students?

Solution:

(1) The optimal share of time in schooling in period t by individual i is S∗
it:

S∗
it =

[
βt+1

βt

α

1 + ρ

1

Hit + γt/βt
(AiHitEit)

α

]1/(1−α)
,

where
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• β are the wage-returns to human capital,

• Hit is i’s human capital in period t,

• Ai is personal initial learning ability,

• Eit are public expenditures on schooling,

• α is the parameter of the human capital production function, ρ is the
discount rate, γ is the direct cost of schooling.

(2) The gifted mathematics program would enter as a higher Eit, greater public
expenditures into the schooling process.

(3) The effects of this program, in a first step, is to increase optimal schooling
S∗
it for everyone who is involved in the program, because Eit enters positively.

More specifically,

∂S∗
it

∂E
=

α

1− α︸ ︷︷ ︸
+

[
βt+1

βt

α

1 + ρ

1

Hit + γt/βt
(AiHit)

α

] 1
1−α

︸ ︷︷ ︸
+

E
2α−1
1−α

it︸ ︷︷ ︸
+

,

which is positive because A,H, and E are positive.

Following the greater schooling investments, adult human capital is higher
for those who experienced the greater public investment through the involve-
ment in the gifted program, and their earnings will be increased. Outcomes
later in life improve thanks to the higher investment in schooling.

(4) To the extent that this is a targeted increase in public expenditures for high
skills students - in the current model, this would appear as being targeted at
high-Ai - it would be a policy that increases inequality. Note that we studied
in class that even an equal increase in Eit (i.e. targeted to all students) would
increase inequality: this is exacerbated in this case, where we consider a
program that targets a subgroup of the population in the top part of the
skills distribution.

(5) The effect of this particular Eit increase is not homogenous and contributes
to increase inequality in two ways: first, it causes an increase in optimal
schooling for students involved in the program (See answer (3)); second, the
increase in optimal schooling is enlarged due to the fact that higher public
expenditures increase the influence of ability on optimal schooling:

∂2S∗
it

∂E∂A
=

(
α

1− α

)2

︸ ︷︷ ︸
+

[
βt+1

βt

α

1 + ρ

1

Hit + γt/βt
Hα
it

] 1
1−α

︸ ︷︷ ︸
+

(AiEit)
2α−1
1−α︸ ︷︷ ︸

+

This mechanism plays a role also in determining the not homogenous effect
among the subgroups of students who experience the camp: if we assume
that abilities of students who are selected to attend the camp are not ho-
mogeneous, students who have lower ability Ai or low initial human capital
Hit−1 benefit less from the investment. Targeting a specific group (high skills
students) still does not preclude heterogeneous effects by initial ability and
human capital.
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(6) Subsidizing higher education has a non neutral effect on income distribu-
tion. While investing in primary education advances the economy toward
enhancing efficiency and reducing inequality, investing in higher education is
in general regressive. In particular subsiding initiatives at the college level
adds to the value of the HK of those who attend college relative to those
who do not go to college. Moreover, it provides schooling predominately
for students from middle and upper income families and a part of the cost
id paid for by taxes on poor families. In the end, substantial amounts of
valuable assets would be transferred to a particular intellectually elite set of
individuals. Therefore we can reasonably expect a worsening in inequality
if we enhance the level at which we devote public investment in academic
programs.

2. The establishment of gifted programs can be considered a policy put in place by
governments and schools to improve students’ performance.

(1) What other policies that have this goal do you know from the literature? List
and describe the impact of policies/interventions (at least those we saw in the
lectures) that aim to improve students’ academic performance. We expect that
you are able to present a detailed overview of the existing literature on the topic.

(2) This policy has a specific target (i.e. high skills students): it is however possible
that the Minister of Education expects an overall improvement in students’
performance (i.e. an imporvement also in the academic performance of those
not involved in the camp). How can this be possible? Explain and discuss other
empirical evidence on the role of the average perfomance on the individual one.

Solution:

(1) Students’ academic performance has been a key issue in education. There-
fore, many different interventions from governements and schools to improve
it have been implemented in the last decades. Interventions are generally
based on valid information about current performance, whereby realistic im-
plementation and ongoing student progress monitoring are essential. For
any intervention to be effective, the programmes designed should be based
on clearly defined objectives, and the program should be monitored and eval-
uated. The empirical literature available analyzes many interventions among
which the most important are the following:

• Increase spending/put in more resources (reduce the class size,
increase instructional time, increase teachers’ salaries, investing in
gifted programs, etc.)

– very little evidence for a direct link between increasing financial
resources and improved student outcomes

– Instructional time has been shown to be a significant driver for
educational outcomes - but we noted the embedded character of
human capital that makes an un-limited increase in instruction time
unlikely to work.
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– [Lavy(2015)] shows that especially girls, immigrants, and low-SES
students benefit more from increased instruction time, using PISA
test scores. While the age range of PISA is too old for our ques-
tion, the heterogeneous effects of instruction time could indicate
that students in the special zones could benefit more than advan-
taged students. In this sense, this policy could be very effective at
reducing inequality.

• Select teachers according to their performance (tacher value-added
literature). “Teacher value-added” has been shown to improve students’
test scores significantly, and also has long-term effects on students’ labor
market outcomes.

• Select and sort students into classes (homogeneous or mixed class com-
position, role of peer effect, etc. ) There may be an argument that
gifted students could benefit from initiatives in which the purpose is
to make them cooperate and interact with other high skills students
and perhaps learn better from this selected and homogeneous environ-
ment. [Carrell et al.(2013)Carrell, Sacerdote, and West] experiment of
extreme stratification ideed shows that students in stratified classes
tend to autosegregate and interact in subgroups of students with simi-
lar abilities, thus suggesting that it may be useful to promote initiatives
which reproduce this kind of setting.

• Government interventions to finance alternative schemes (i.e. Voucher
plan)

• Implement systems of values/“high expectations’ which empha-
sise the important of behave properly and achieve educational goals
(i.e. charter schools vs public schools). Charter schools that imple-
ment strong values that students (and their parents) have to subscribe
to have been shown to significantly improve their students’ learning
achievements. Some of these have been evaluated in randomized exper-
iments, others not.

– [Angrist et al.(2010)Angrist, Dynarski, Kane, Pathak, and Walters]
evaluate KIPP, which is one example of the “high expectations”
type of schools. Students’ test scores of those who won an admis-
sion lottery were much higher than those who lost the lottery.

– [Dobbie and Fryer Jr(2013)] evaluate charter schools and show that
while traditional input measures (including class size) are not sig-
nificant drivers of student outcomes, other policies are important:
frequent feedback, data use, high-dosage tutoring, increased in-
structional time, and high expectations. All these features are
likely to characterize gifted education programs and therefore could
contribute to enhance students’ performance in the case presented
above.

(2) An investment in a gifted education program as the one analysed has as
its main consequence an increase in optimal schooling for students bene-
fiting from the program (in this case high skills students). However, an
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improvement in the performance of these selected students can also trans-
late into an improvement in the other students (in particular the low skills
ones) belonging to the same class. This is because of the phenomenon
known as the peer effect. [Kirabo Jackson(2010)], for example, showed
that in high schools being with higher-ability peers improves later perfor-
mance. Also [Carrell et al.(2009)Carrell, Fullerton, and West] showed that
low-achieving students benefit in terms of learning gains from being in a
classroom (squadron, actually) with high-achieving students.
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SECOND PART

3. The Economist has published an online article on April 30th 2020 titled “Closing
schools for Covid-19 does lifelong harm and widens inequality”. The article describes
that, at the time of its publication, roughly 1.5 billion schoolchildren across the
world are not visiting school and points to likely consequences for social mobility. It
contains the following paragraph:

“(. . . ) You can make up for lost maths with summer school. But you can’t
easily do that with the stuff kids learn very young,” says Matthias Doepke
of Northwestern University. Social and emotional skills such as critical
thinking, perseverance and self-control are predictors of many things, from
academic success and employment to good health and the likelihood of
going to jail.

Regarding home schooling, the article makes the following observations:

Less well-off children everywhere are less likely to have well-educated par-
ents who coax them to attend remote lessons and help them with their
work. In Britain more than half of pupils in private schools are taking
part in daily online classes, compared with just one in five of their peers in
state schools, according to the Sutton Trust, a charity (private schools are
more likely to offer such lessons). In the first weeks of the lockdown some
American schools reported that over a third of their students had not even
logged in to the school system, let alone attended classes. Meanwhile, elite
schools report nearly full attendance and the rich have hired teachers as
full-time tutors.

(1) Please interpret the article’s message in light of economic theory: Why and how
will the current closure of schools influence social mobility?

(2) Please explain the potential role of sensitive/critical periods in skill acquisition
as well as the role of dynamic complementarities in exacerbating the effect of
school lockdowns on social mobility.

(3) Describe how the potential of later remediation of lost schooling time depends
on the degree of dynamic complementarity between skills. (Feel free to use
examples to explain the more general points you are making).

(4) What kind of production function could you use to model an extremely high
degree of dynamic complementarity? (a very short answer is totally fine)

Solution:

(1) Social mobility is low at baseline. According to the article, it will likely
become even lower due to the current lockdown. Why: Because low SES
families cannot provide high quality home schooling (lack of hardware and
internet access, lack of quiet working space, lack of time, lack of skills of
parents). Therefore disadvantaged kids will lose even more compared to
higher SES kids.
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(2) In case there are sensitive periods: Some important skills may not be ac-
quired at the time when it would be highly efficient. Much more costly and
difficult to catch up later. ⇒ Exacerbated negative effect on social mobility.
In case of critical periods: Impossible to catch up later ⇒ Exacerbated neg-
ative effect on social mobility, regardless of later compensatory investments.
Dynamic complementarities: Investments are missed now due to the lock-
down. Important skills not acquired. Example given by M. Doepke above:
critical thinking. Lower investment today will lead to later complementary
investments having a lower return, too. For example: A later exposure at
school to scientific knowledge will lead to a lower accumulation of additional
knowledge for students because they lack critical thinking. ⇒ Again exacer-
bated negative effect of lockdown on social mobility which even grows over
time.

(3) Degree to which later compensatory investments are possible depends nega-
tively on the degree of dynamic complementarity of skills. If substitutability
high (complementarity low) it is possible to catch up later. If it is low (com-
plementarity is high) it will be very difficult.

(4) Leontieff

4. Consider the Lochner (2004) model and specifically consider the simple case of “un-
skilled crime”, i.e. the return from crime does not depend on the agent’s human
capital.
Assume now there is a policy change and the prison sentence in case the agent is
caught committing a crime increases (permanently) from J years to J + x years.
This question is about how the policy change affects the agent’s trajectory in com-
parison to the counterfactual scenario where the prison sentence is still J years. Your
answers do not have to be long, but it should be precise.

(1) What would be the immediate (short-run) effect on a young agent’s time allo-
cation?

(2) How would the short-run effects translate into the agent’s longer-run career
trajectory?

(3) How does the policy change affect the probability that the agent eventually ends
up in prison?

Here are some instructions for how to answer this question: You may refer to the
simplified sketch of the model we have discussed in lecture 10 or the full-fledged
model in Lochner (2004) Please make clear in your answer which one you are referring
to, in case this makes a difference for your argument. You may make (reasonable)
assumptions, if necessary. A perfect answer to this question requires that you describe
the mechanisms of the Lochner (2004) model. This means that you refer to elements
of specific equations, describe how these elements change in response to the policy
change and how this change affects the agent’s time allocation. Ideally, you would
combine intuitive statements/sentences with references to the model. When referring
to equations, you may either write down the equation, describe the equation (“the
FOC for crime”) or refer to the corresponding slide number (“slide 20”). In case you
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have difficulties with the equations, just providing the intuition of the model will also
earn you points!

Solution:

(1) • Slide 20: FOC for crime. Opportunity costs of crime (Vt+1(Ht+1)–Ωt+1(Ht+1))
now higher because Ωt+1(Ht+1) lower due to higher sentence. ⇒ To
bring RHS of the equation up again, lower k (this also lowers the equi-
librium probability to be in prison) ⇒ Lower crime k in short run.

• Budget constraint: More time left to work and study. How to allocate
time between the two ⇒ FOC for studying on slide 18. Work, in the
short run, has a linear return wtHt, which is unchanged. What will be
changed is P (kt), i.e. it is lower at lower kt. More weight on derivative of
Vt+1 wrt Ht+1 which is larger than derivative of Ωt+1 wrt Ht+1. Assume
that derivatives are independent of levels of Ωt+1 and Vt+1. Then term
in [] on RHS goes up. To bring it down again, increase It. This would
imply that I increases relative to working and not just in absolute terms.
However, it is enough if student argues through budget constraint and
comes to the conclusion that It increases in absolute terms.

(2) Longer run, higher human capital. FOC for crime on slide 20 ⇒ MC to
crime higher because going to prison more painful⇒ lower crime in the long
run.

(3) Lower prob. because lower crime kt

5. IV vs. Mincer
In the literature on the “returns to education”, college proximity is one commonly
used instrumental variable for educational attainment.

(1) Can you think of any problem/weakness of the “college proximity” instrument?

(2) Some papers have used the school proximity instrument and found estimates of
the returns to schooling that are 25-60% higher than conventional OLS estimates.
What reasons can you think of? Please elaborate on each of them.

Solution:

(1) It could be that college proximity is not random, i.e. families who care about
education may move close to a college for the sake of their children. If such
families, for instance, provide other resources to their children, which ulti-
mately increase their children’s wages, the exclusion restriction is violated.

(2) Reason 1: Measurement error in educational attainment. Downward bias in
OLS. Reason 2: Compliant subpopulation has a higher return to education
than the average person in the population. One reason could be credit con-
straints, another reason could be that among the compliant subpopulation
individuals have a higher required “rate of return” for education.

Page 9 of 10



Economics of Education Final Exam June 16, 2020

References

[Angrist and Lavy(1999)] J. D. Angrist and V. Lavy. Using maimonides’ rule to estimate
the effect of class size on scholastic achievement. The Quarterly journal of economics,
114(2):533–575, 1999.

[Angrist et al.(2010)Angrist, Dynarski, Kane, Pathak, and Walters] J. D. Angrist, S. M.
Dynarski, T. J. Kane, P. A. Pathak, and C. R. Walters. Inputs and impacts in
charter schools: Kipp lynn. American Economic Review, 100(2):239–43, 2010.

[Card and Giuliano(2014)] D. Card and L. Giuliano. Does gifted education work? for
which students? Technical report, National Bureau of economic research, 2014.

[Carrell et al.(2009)Carrell, Fullerton, and West] S. E. Carrell, R. L. Fullerton, and J. E.
West. Does your cohort matter? measuring peer effects in college achievement.
Journal of Labor Economics, 27(3):439–464, 2009.

[Carrell et al.(2013)Carrell, Sacerdote, and West] S. E. Carrell, B. I. Sacerdote, and J. E.
West. From natural variation to optimal policy? the importance of endogenous peer
group formation. Econometrica, 81(3):855–882, 2013.

[Dobbie and Fryer Jr(2013)] W. Dobbie and R. G. Fryer Jr. Getting beneath the veil of
effective schools: Evidence from new york city. American Economic Journal: Applied
Economics, 5(4):28–60, 2013.

[Kirabo Jackson(2010)] C. Kirabo Jackson. Do students benefit from attending better
schools? evidence from rule-based student assignments in trinidad and tobago. The
Economic Journal, 120(549):1399–1429, 2010.

[Krueger(1999)] A. B. Krueger. Experimental estimates of education production func-
tions. The quarterly journal of economics, 114(2):497–532, 1999.

[Krueger and Whitmore(2001)] A. B. Krueger and D. M. Whitmore. The effect of at-
tending a small class in the early grades on college-test taking and middle school test
results: Evidence from project star. The Economic Journal, 111(468):1–28, 2001.

[Krueger and Zhu(2003)] A. B. Krueger and P. Zhu. Principal stratification approach
to broken randomized experiments: A case study of school choice vouchers in new
york city [with comment]. Journal of the American Statistical Association, 98(462):
314–318, 2003.

[Lavy(2015)] V. Lavy. Do differences in schools’ instruction time explain international
achievement gaps? evidence from developed and developing countries. The Economic
Journal, 125(588):F397–F424, 2015.

[Renzulli(2012)] J. S. Renzulli. Reexamining the role of gifted education and talent
development for the 21st century: A four-part theoretical approach. Gifted Child
Quarterly, 56(3):150–159, 2012.

Page 10 of 10


