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� Abstract · Resumo

We build a model that captures the main elements of the public higher
education system to evaluate the performance of different financing
mechanisms in terms of efficiency and equity. Our main finding is that
the provision of direct places in public colleges and universities raises a
trade-off between efficiency and equity whenever part of the education
cost is financed through taxes. Alternative mechanisms, namely public
provision with tuition fees covering totally or partially the educational
cost, are also analyzed. We show that, compared to these alternatives, the
policy of “free”higher education performs worse in terms of the trade-off
between efficiency and equity. The less the taxpayer subsidizes students
the lower the trade-off.

� Abstract · Resumo

Construímos ummodelo que capta os principais elementos do sistema
de ensino superior público para avaliar o desempenho dos diferentes
mecanismos de financiamento em termos de eficiência e equidade.
Nossa principal conclusão é que a oferta de vagas diretas em faculdades
e universidades públicas gera um trade-off entre eficiência e equidade
sempre que parte do custo da educação é financiado por meio
de impostos. Mecanismos alternativos, nomeadamente a provisão
pública commensalidades que cubram total ou parcialmente os custos
educacionais, são também analisados. Mostramos que, em comparação
com essas alternativas, a política de ensino superior “gratuito” tem pior
desempenho em termos de trade-off entre eficiência e equidade. Quanto
menos o contribuinte subsidiar os estudantes, menor será o trade-off.

1. Introduction

In many countries, like Brazil, public colleges and universities are completely
financed through general tax revenue. Such policies have important distributive
effect as the resources of the entire society are transferred to a limited group of
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individuals. The huge budget of those institutions suggests that, when there is
inefficiency, the magnitude of the social welfare loss may be enormous.1 Even
within higher education policies, however, the specific design of the financing
mechanisms might lead to significantly different results in terms of efficiency,
opportunities, and income distribution.

In this paper, we use a simple theoretical model to analyze the levels of
efficiency and equity resulting from different financing mechanisms for higher
education. In particular, we are interested in studying the effects of the policy
of “free” public colleges or universities, in which the government provides a
certain number of direct spots in public higher education institutions but does
not charge the students any tuition fee, covering the costs of such institutions
completely through taxes. Alternative mechanisms, namely public provision
with tuition fees covering totally or partially the educational cost, are also
analyzed. We show that, compared to these alternatives, the policy of “free”
higher education performs worse in terms of the trade-off between efficiency
and equity.

Our main finding is that the public provision of places in colleges and
universities raises a trade-off between efficiency and equity whenever part of
the total education cost is financed through general taxes. The reason is that
students receive a net subsidy when tax revenue is used to finance the public
higher education policy. This subsidy works as a further incentive for young
adults to choose higher education. As a consequence, the number of places
in colleges and universities (the number of skilled workers) that clears the
labor market is higher than the one that maximizes social welfare. Accordingly,
any policy that decreases the amount transferred from taxpayers to students
can reduce the trade-off between efficiency and equity. In particular, if the
government provides places in public institutions but charges a percentage
of the education cost for it, there will be an improvement compared with the
“free” education policy.

Our theoretical contribution is related to the work of Azevedo and Salgado
(2012), which also tackle the free public higher education system in Brazil.
Their model, like ours, assumes that credit markets are imperfect. The authors
show that free public universities distorts the decisions of the richer households,
who could already pay for their (private) higher education. As a consequence,
free universities do not solve the problem of lack of access by poor households

1According to data from Portal da Transparência, the total budget of the Federal University of
Rio Grande do Sul (UFRGS) in 2016 was R$1.7 billion. In the same year, the total tax revenue
of Caxias do Sul, the second-largest city in the Rio Grande do Sul state, with population over
500,000, was R$1.3 billion. Another example is the São Paulo University (USP), whose total
budget in 2016 was 63% of the total budget of Curitiba, the fifth richest (in terms of GDP)
Brazilian city.
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to higher education. Our framework is, however, closer to García-Peñalosa
and Wälde (2000), who develop a model that accounts for different financing
mechanisms for higher education and compare the outcomes in terms of human
capital efficiency levels and lifetime income inequality. We expand on their
work by modeling the case where the government acts by offering a limited
amount of places at public universities for free—instead of just subsiding
education.

2. The environment

Consider an economy that lasts for two periods. There are two groups of
individuals at the beginning of the first period, namely the previous generation
and the young adults. Their population size is fixed and denoted by 𝑁 for the
previous generation and by 𝑁 for the young adults. The previous generation
lives only in the first period, in which its entire population works. Young adults,
on the other hand, live in both periods and are ex-ante homogeneous.

At the beginning of the first period, each young adult must choose between
pursuing higher education or starting to work immediately. By choosing to
study, he dedicates the first period to college or university activities and will
only be able to work in the second period, when he will then become a skilled
worker. On the other hand, if the choice is not to enter into higher education in
the first period, then the individual works both periods as an unskilled worker.
Let 𝐻 be the number of young adults that choose to study and become skilled
workers, and 𝐿 be the number of those who become unskilled workers. Each
individual who enters into higher education incurs a fixed educational cost
𝐸 > 0. We assume that the previous generation population 𝑁 is exogenously
divided into skilled and unskilled workers, given by 𝐻 and 𝐿, respectively.

Only one good is produced in the economy in each period 𝑡 = 1, 2, which
is denoted by 𝑌𝑡. The aggregate static production function requires as inputs
both skilled and unskilled labor, 𝑌𝑡 = 𝐹 (𝐻𝑡, 𝐿𝑡). The production function 𝐹(⋅)
is twice continuously differentiable, increasing and concave in each type of
labor. Both inputs are essential, that is, 𝐹(0, 𝐿𝑡) = 𝐹(𝐻𝑡, 0) = 0.

Let us suppose that labor markets in this economy are competitive, such
that wages of both skilled and unskilled workers are equal to their respective
marginal productivity. Let 𝑤𝐻

𝑡 (𝐻𝑡, 𝐿𝑡) and 𝑤𝐿
𝑡 (𝐻𝑡, 𝐿𝑡) denote such wages for

skilled and unskilled workers, respectively. Given the production function
characteristics, we have that the wage of a given type of worker is decreasing in
the number of workers of his own type and increasing in the number of workers
of the other type. Note that this happens because there is a fixed population
(𝐿𝑡 + 𝐻𝑡 = 𝑁).
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One can now define the social welfare function (SW) of this economy as
the present value of the sum of all productions net of the total spending in
higher education (which occurs in the first period). Formally, we have

SW = 𝐹 (𝐻1, 𝐿1) + 𝛿𝐹 (𝐻2, 𝐿2) − 𝐸𝐻, (1)

where 𝛿 ∈ (0, 1) is the intertemporal discount factor that governs both the
workers and the government’s preferences. There is a financial sector in the
economy capable of transferring goods from period 𝑡 = 1 to 𝑡 = 2 with a return
rate of 𝑟. We henceforth assume that 𝛿 = 1/(1 + 𝑟).

Definition 1. A financing mechanism is efficient if the resulting allocation of
young adults between skilled and unskilled workers maximizes SW. In this case,
we call it the optimal allocation.

When there is no efficiency, the higher the distance between the resulting
allocation and the optimal one, the larger the inefficiency of the mechanism.

Definition 2. A financing mechanism satisfies the criterion of ex-post equality
when the lifetime income flows of both groups of young adults are equal.

The lifetime income flow of an individual is the present value of the sum
of his wages net of education costs, that is, 𝑤𝑗

1 (𝐻1, 𝐿1) + 𝛿𝑤𝑗
2 (𝐻2, 𝐿2) − 𝐸𝐼𝑗,

for 𝑗 = 𝐻, 𝐿, where 𝐼𝑗 = 1 if 𝑗 = 𝐻 and 𝐼𝑗 = 0 otherwise. Implicitly, we are
assuming linear additive discounted preferences over the net availability of the
consumption good. When higher education is partially or entirely provided by
the government, individuals also pay taxes in the second period.

2.1 The baseline case

We assume that government intervention in higher education is necessary due
to imperfections in the capital market. Individuals cannot borrow money to
finance their studies because the future return of the acquired human capital
is not seen as solid collateral by potential creditors. Thus, banks and other
financial institutions do not provide credit for young adults to pay the cost
of their education in a private institution in the first period. This market
failure creates the opportunity for public financing, which may mitigate the
inefficiency caused by such a market imperfection.2

2 In this note, we focus on the case of government provision of places in public colleges and
universities. An alternative public policy would be for the government to act as an intermediate
between students and the financial sector and loan money to young adults. It is straightforward
to show that, in this case, efficiency and equity would be achieved simultaneously. The working
paper version, which is available upon request, explores this alternative in detail.
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Let us start, however, by assuming that capital market is perfect. In
this case, all young adults who want to borrow the amount 𝐸 to pay for
their education can do so. Young adults choose whether to enter into higher
education or to work in the first period by comparing the lifetime income flow
resulting from each option. Let𝑊 𝐿 and𝑊𝐻 represent the lifetime income flow
of unskilled and skilled workers, respectively. With perfect capital markets,
students borrow 𝐸 in period 𝑡 = 1 and then repay the amount (1 + 𝑟)𝐸 in 𝑡 = 2.
Hence, the discounted income flow of both groups is given by

𝑊 𝐿 = 𝑤𝐿
1 (𝐻, 𝐿 + 𝑁 − 𝐻) + 𝛿𝑤𝐿

2 (𝐻,𝑁 − 𝐻) ; (2)
𝑊𝐻 = 𝛿𝑤𝐻

2 (𝐻,𝑁 − 𝐻) − 𝐸. (3)

The equilibrium condition for the labor market is 𝑊 𝐿 = 𝑊𝐻. If, for
example, the allocation of young adults between higher education (skilled jobs)
and the labor market (unskilled jobs) in the first period is such that𝑊 𝐿 > 𝑊𝐻,
there will be a relative scarcity of unskilled workers, which makes their wages
higher and the wages of the skilled ones lower. This, in turn, encourages some
of the individuals who had decided to enter into higher education to start to
work immediately in the first period.

From the above discussion, we can conclude that the existence of a perfect
capital market guarantees ex-post equality. Thus,𝑊 𝐿 = 𝑊𝐻 implies

𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) − 𝑤𝐿

1 (𝐻, 𝐿 + 𝑁 − 𝐻) − 𝛿𝑤𝐿
2 (𝐻,𝑁 − 𝐻) = 𝐸. (4)

Let us now analyze the efficiency of this economy when there is no market
failure. Given the Definition 1, the optimal (efficient) allocation (𝐻, 𝐿) of young
adults solves the following problem:

max
𝐻

𝐹 (𝐻, 𝐿 + 𝑁 − 𝐻) + 𝛿𝐹 (𝐻,𝑁 − 𝐻) − 𝐸𝐻. (5)

By obtaining the first order condition and using the equivalence of wages
and the production function derivatives, we get the same expression as (4) as
the condition which defines the efficient number of young adults in higher
education 𝐻∗ —and thus 𝐿∗ = 𝑁 − 𝐻∗, the optimal number of unskilled
workers. Therefore, when the capital market is perfect, it is possible to achieve
equality in terms of lifetime income flow and efficiency (the maximum social
welfare) at the same time.

3. Public provision of higher education

From now on, we assume that the capital market is imperfect. Since young
adults cannot work and study simultaneously, an imperfect capital market
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implies that no individual can pursue higher education. In this context, there
is room for a government intervention that allows young adults to get into a
college or university if they want to do so.

We model the government intervention as follows. First, the only gov-
ernment action is to provide opportunities for higher education. Second, the
government intertemporal budget is balanced, that is, the total tax revenue
is equal to the cost of the policy (both in present values). For the sake of
simplicity, we assume that taxes are lump-sum. Third, although young adults
cannot borrow money in the capital market, the government can. One can
justify such an assumption by observing that the government’s power to tax is
often seen as solid collateral. Thus, the public policy is implemented in the first
period and is financed through loans; in the second period, the government
pays back the loans by taxing young adults. Observe that the taxation must
take place in the second period because the share of young adults that choose
to enter into higher education has no income while they are studying.

3.1 Free public higher education
Let us assume that the government provides, free of any charge, a fixed number
𝐾 of places in public higher education institutions. In this type of financing
mechanism, some colleges and universities are publicly owned. The number
of places available for young adults in those institutions is chosen by the
government. Students of public institutions do not pay any kind of tuition fee,
such that there is no direct cost to be part of one of them. Such a policy is
financed by taxes, which are paid by all citizens, including those who do not
study in public universities and colleges. It is worthwhile noting that, whenever
the government sets 𝐾 < 𝑁, it is necessary to implement a selection process to
determine those who will have access to higher education among the young
adults who are interested in studying.3

To focus our analysis on the effects of different financing mechanisms,
we assume that the education cost per student in a public higher education
institution is the same as in a private one, namely𝐸.4 Therefore, the government

3 In this simple framework, we can assume that a lottery is conducted, so those who get the chance
to study are selected based purely on luck. In practice, however, selection processes—which in
Brazil are called Vestibular—are usually based on test performances, which depend on skills
and previous investments that might be correlated with family background. In that sense, the
limited provision of places in public universities can give rise to an additional problem of ex-ante
inequality, that is, the opportunity of enjoying the benefits of public policy is not accessible to
everyone. Rather, it depends on previous heterogeneous characteristics.

4This assumption allows us to focus on the effects of different financing mechanisms, but it may
not fit well some developing countries. In some cases, professors and staff of public colleges
and universities are civil servants, receiving wages and benefits higher than the employees of
the private sector. This makes public higher education more expensive than private in several
countries.
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incurs the total cost of 𝐸𝐾 to provide 𝐾 places. This amount is borrowed from
banks in the first period, creating a debt of (1 + 𝑟)𝐸𝐾 to be paid back in the
second period. The intertemporal budget constraint implies that the total
tax revenue must be equal to this amount, which is equally divided among
all the young adults in the second period. Thus, each individual pays to the
government the amount (1 + 𝑟)𝐸𝐾/𝑁, whose present value is

𝑇 = 𝛿(1 + 𝑟)
𝐸𝐾
𝑁

=
𝐸𝐾
𝑁
. (6)

One can observe in (6) that, whenever the government sets𝐾 < 𝑁, we have
𝑇 < 𝐸. In other words, if the number of places available in public institutions
is lower than the entire population—and, therefore, some individuals may not
have access to higher education—, the tax that each young adult pays is lower
than the individual education cost. The reason is that, although not more than
𝐾 < 𝑁 individuals will enter into a public college or university, all the young
adults are taxed to finance it.

3.1.1 Economic efficiency

Let us start by supposing that the government wants to achieve maximum social
welfare. Let 𝐾𝐴 be the number of places provided when such an objective
is achieved. Notice that the presence of the government changes the social
welfare function (1): individuals do not pay the individual education cost, such
that society no longer spends 𝐸𝐻; however, now there is the tax 𝑇, creating the
total cost of 𝑁𝑇 for society. Therefore, the new social welfare function is given
by

SW = 𝐹 (𝐻1, 𝐿1) + 𝛿𝐹 (𝐻2, 𝐿2) − 𝐸𝐾, (7)

where we use (6) to substitute 𝑇.
In its aim of achieving economic efficiency, the government must offer the

number of places that solve the problem of maximizing the welfare function,
given the size restriction of the young adult population. There is, however, an
additional constraint: since each new place offered in a public higher education
institution implies an increase in the total cost of the policy and, consequently,
of the amount paid in taxes by society, the existence of unoccupied places is a
waste of resources and a penalty on welfare. Therefore, any efficient allocation
in this context occurs only if all available places are occupied, that is, if 𝐻 = 𝐾.
Hence, the problem to be taken into account by the government can be formally
presented as follows:

max
𝐾

𝐹 (𝐻, 𝐿 + 𝑁 − 𝐾) + 𝛿𝐹 (𝐾,𝑁 − 𝐾) − 𝐸𝐾. (8)

The problem (8) is equivalent to the baseline case’s. Therefore, the resulting
FOC for 𝐾 will be the same as (4) was for 𝐻, and thus the efficient allocation
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under the present financing mechanism is equal to the one in the case of perfect
capital market and private institutions, that is, 𝐾𝐴 = 𝐻∗.

3.1.2 Ex-post equality

Assume now that the government wants to achieve equality of outcomes. In
this case, it chooses 𝐾𝐵 to equalize the lifetime income flows of both skilled
workers and unskilled ones. An individual who chooses to join the labor force
immediately nowmust pay taxes in the second period, which are used to finance
public higher education. Therefore, the lifetime income flow of an unskilled
worker is

𝑊 𝐿 = 𝑤𝐿
1 (𝐻, 𝐿 + 𝑁 − 𝐻) + 𝛿𝑤𝐿

2 (𝐻,𝑁 − 𝐻) − 𝑇. (9)

On the other hand, an individual who proceeds to higher education, instead of
paying the individual education cost 𝐸, must now pay the tax 𝑇, like all young
adults. Formally, the lifetime income flow of a skilled worker (or student) is

𝑊𝐻 = 𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) − 𝑇. (10)

By (6), once the number of places 𝐾 is fixed, 𝑇 becomes a constant that
satisfies 0 ≤ 𝑇 ≤ 𝐸. Therefore, the functions that represent the lifetime income
flows in the benchmark case are shifted by 𝑇. In the case of the students, there
is an upward shift in the function 𝑊𝐻 because now they disburse less than
before (𝑇 ≤ 𝐸). The opposite happens in the case of unskilled workers: the
function𝑊 𝐿 suffers a downward shift, given that now they have to disburse
the amount 𝑇.

If the government succeeds in achieving ex-post equality, the number of
places provided must be such that𝑊𝐻 = 𝑊 𝐿, that is,

𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) = 𝑤𝐿

1 (𝐻, 𝐿 + 𝑁 − 𝐻) + 𝛿𝑤𝐿
2 (𝐻,𝑁 − 𝐻) . (11)

If the government chooses𝐾𝐵 equal to the value of𝐻 that satisfies equation
(11), all provided places will be filled and there will be equality of lifetime
income flows. To prove the first claim, suppose that 𝐾𝐵 satisfies (11). Then if
there are places that are not filled (𝐻 < 𝐾𝐵), there will be a relative scarcity
of skilled labor, which makes 𝑤𝐻

2 higher, resulting in 𝑊𝐻 > 𝑊 𝐿. This will
encourage more young adults to enter higher education and then all places will
be filled.

Observe that equations (4) and (11) are different. We no longer have
a policy that satisfies simultaneously the criterion of efficiency and ex-post
equality. This creates a standard trade-off between efficiency and ex-post equity.
To see this, suppose that the government chooses the efficient number of places
𝐾𝐴 and that all places are filled (𝐻 = 𝐾𝐴). Then, the lifetime income flows
are such that 𝑊𝐻 − 𝑊 𝐿 = 𝐸 > 0, where we use (4). Furthermore, one can
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conclude that 𝐾𝐴 < 𝐾𝐵. The inefficiency arises from the fact that the total cost
of education 𝐸𝐾𝐵 is shared among all young adults, including those who do
not study, which makes those who do study receive a net subsidy (recall that
𝑇 < 𝐸).

The difference in the lifetime income flows expressed by𝑊𝐻 −𝑊 𝐿 also
allows us to conclude that, when 𝐾𝐴 is provided instead of 𝐾𝐵, some young
adults want to study but are not able to do so. In fact, whenever one group’s
lifetime income flow is higher than the other, there will be individuals willing
to migrate to the group with a higher wage. However, it may be the case that the
government sets a fixed number of places which is not enough to guarantee the
labor market equilibrium. This is what happens when the number of places is
𝐾𝐴: we have𝑊𝐻 > 𝑊 𝐿, such that some individuals want to enter into higher
education, but there are no places available.

3.2 Public higher education with tuition fees

Suppose now that students pay a tuition fee to the college or university. This
payment is made only in the second period as students only earn their skilled
job wage after graduation. We assume that the amount to be paid is a share (a
percentage) of the total individual cost 𝐸. Thus, public higher education
institutions are no longer free, but, instead, become partially subsidized:
students pay for their studies, yet the tuition fee is not enough to cover the
total education cost. The difference between what is paid by the student and
his educational cost is covered by taxes, collected from all young adults as
described in the previous section.

Let 0 < 𝜏 < 1 be the percentage of the individual educational cost 𝐸 paid
as tuition fee. Observe that 𝜏 = 0 corresponds to the case of “free” education
analyzed in the previous section and 𝜏 = 1 to the case in which students pay
the whole cost of their education, such that there is no subsidy. Now, each one
of the 𝐻 individuals who choose to enter into higher education must pay 𝜏𝐸.
The total revenue from tuition fees is, therefore, 𝜏𝐸𝐻 (𝛿𝜏𝐸𝐻 in present value).

Given the intertemporal budget constraint of the government, the follow-
ing must be satisfied:

𝑁𝑇 + 𝛿𝜏𝐸𝐻 = 𝛿(1 + 𝑟)𝐸𝐾,

where 𝑇 is the individual tax (in present value) under this financing mechanism.
We can rewrite the above expression to express the present value collected from
each young adult:

𝑇 =
𝐸𝐾
𝑁

− 𝛿𝜏
𝐸𝐻
𝑁
. (12)

Notice that whenever there is at least one young adult in college or
university (𝐻 > 0), the second term on the right-hand side (RHS) is negative.
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As a consequence, we can compare (6) with (12) and conclude that 𝑇 < 𝑇. This
conclusion is quite intuitive, given that when part of the educational cost is
financed through tuition fees charged directly from students, taxes must be
lower to cover the other part. In particular, those individuals who do not benefit
from this educational policy are now better off as they pay less in taxes.

Those young adults who choose to enter into higher education, neverthe-
less, continue to benefit from public subsidies. To see this, let us compare the
individual education cost with the total disbursed by them (both in present
value): 𝐸 − (𝑇 + 𝛿𝜏𝐸) = (𝐸/𝑁) [𝑁 − 𝐾 − 𝛿𝜏(𝑁 − 𝐻)]. When all the places in
public higher education are filled (𝐾 = 𝐻), RHS of this expression becomes
(𝐸/𝑁)(𝑁 − 𝐾)(1 − 𝛿𝜏). Finally, as 𝛿, 𝜏 ∈ (0, 1), we have 𝛿𝜏 < 1, and thus
𝐸 − (𝑇 + 𝛿𝜏𝐸) > 0.

Under this new financing mechanism, social welfare is given by

𝑆𝑊 =𝐹 (𝐻1, 𝐿1) + 𝛿𝐹 (𝐻2, 𝐿2) − 𝑁𝑇 − 𝛿𝜏𝐸𝐻
=𝐹 (𝐻1, 𝐿1) + 𝛿𝐹 (𝐻2, 𝐿2) − 𝐸𝐾,

(13)

where we use the value of 𝑇, given by (12). It is straightforward to see that
expression (13) and (7) are identical. As a consequence, the efficiency condition
determines, once again, that the optimal allocation is 𝐾𝐴 = 𝐻∗.

Let us verify whether this policy satisfies equality in terms of outcomes.
Observe that𝑊 𝐿 now is similar to the one of the previous section, given that
an unskilled worker earns 𝑤𝐿

𝑡 in each period 𝑡 and pays taxes in the second one.
However, taxes are lower under this financing mechanism:

𝑊 𝐿 = 𝑤𝐿
1 (𝐻, 𝐿 + 𝑁 − 𝐻) + 𝛿𝑤𝐿

2 (𝐻,𝑁 − 𝐻) −
𝐸
𝑁
(𝐾 − 𝛿𝜏𝐻) , (14)

where we use (12) to substitute 𝑇 again.
For a given 𝐾,𝑊 𝐿 continues to be an increasing function of 𝐻. However,

the third term on the RHS of (14) is no longer constant as in (9): it is a linear
and increasing function of 𝐻, which makes the shift in the curve𝑊 𝐿 no longer
parallel. Notice that, when 𝐻 = 0, (14) is equal to (9), and so both curves
approach each other for small 𝐻. On the other hand, as 𝐻 increases, the last
term in (14) increases as well, partially offsetting the downward shift resulting
from the presence of 𝑇.

Students continue to earn wages only in the second period, but now they
have to pay taxes as well as tuition fees. Thus, their lifetime income flow is

𝑊𝐻 =𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) − 𝑇 − 𝛿𝜏𝐸

=𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) − 𝑇 + 𝛿𝜏𝐸 (

𝐻
𝑁
− 1) ,

(15)

where 𝑇 is given by (6).
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It is straightforward to see that (15) is equal to (3), except for the presence
of the third term on the RHS. This difference implies that now there are two
opposite effects on the lifetime income flow when 𝐻 increases: on the one
hand, the higher the number of skilled workers the lower their wage; on the
other hand, for a given 𝐾, more students lead to a higher amount collected
from tuition fees, which makes taxes less necessary. In the extreme case of
𝐻 = 𝑁, we have the same function as in the model in which places are provided
with the government charging no tuition fee. As 𝐻 decreases, however,𝑊𝐻

approaches the baseline case, given that the tuition fee partially offsets the
upward shift in the curve.

Formally, the slope of 𝑊𝐻 is given by

𝜕𝑊𝐻

𝜕𝐻
= 𝛿 (

𝜕𝑤𝐻
2

𝜕𝐻
+ 𝜏

𝐸
𝑁
) ,

such that its sign depends on which of the two terms is higher in terms of
magnitude. Notice that 𝜕𝑤𝐻

2 /𝜕𝐻 measures the marginal wage of the skilled
job and it is, therefore, decreasing in the number of students 𝐻. The absolute
value of this term can also be seen as a measure of labor market rigidity: the
higher (respectively, lower) ||𝜕𝑤𝐻

2 /𝜕𝐻||, the less (more) rigid the labor market
is. The second term is the marginal impact on subsidies, which is positive,
increasing in 𝐸 and decreasing in 𝑁.

We henceforth assume that ||𝜕𝑤𝐻
2 /𝜕𝐻|| > 𝜏(𝐸/𝑁). This assumption holds

when (i) the labor market is flexible enough, (ii) the population of young
adults is high enough, or (iii) the tuition fee 𝜏𝐸 is low enough. When such an
assumption is violated, 𝑊𝐻 may increase for some values of 𝐻. This could
create multiple equilibria. In addition, if 𝑊𝐻 is increasing for all 𝐻, then all
young students will choose to study, such that 𝑁 = 𝐻. But this implies that
𝐿 = 0 and, therefore, 𝑌2 = 0, a contradiction.

Let 𝐾𝐵 be the number of places in public higher education institutions
that equalizes the lifetime income flows under the policy with tuition fees. If
the government wants to achieve ex-post equality, 𝐾𝐵 must satisfy

𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) = 𝑤𝐿

1 (𝐻, 𝐿 + 𝑁 − 𝐻) + 𝛿𝑤𝐿
2 (𝐻,𝑁 − 𝐻) + 𝛿𝜏𝐸, (16)

such that all places will be filled by young adults.
One can notice that (16) is different from (11). The number of skilled

workers that clears the labor market in themechanism in which students pay no
tuition fee is higher than the one when those who enter into higher education
pay part of the educational cost directly. To see this, let us rewrite (16) as

𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) − 𝑤𝐿

1 (𝐻, 𝐿 + 𝑁 − 𝐻) − 𝛿𝑤𝐿
2 (𝐻,𝑁 − 𝐻) = 𝛿𝜏𝐸. (17)
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Now, recall that 𝐾𝐵 satisfies (11). Thus, if 𝐻 = 𝐾𝐵 the left-hand side (LHS) of
the above expression is equal to zero, such that we have 0 < 𝛿𝜏𝐸. Given that
the 𝑤𝑗

𝑡 is decreasing (respectively, increasing) in 𝐻 for 𝑗 = 𝐻 (𝑗 = 𝐿), then we
must have 𝐾𝐵 < 𝐾𝐵 to satisfy (17).

Although the number of places that the government must provide to
achieve ex-post equality is lower than under the policy of “free” public higher
education, it continues to create inefficiency. As the optimal allocation satisfies
(4), by substituting 𝐻 = 𝐾𝐴 into (17) we have 𝐸 > 𝛿𝜏𝐸. Thus, the fact that
the LHS of (17) is decreasing in 𝐻 implies that 𝐾𝐵 > 𝐾𝐴 = 𝐻∗. The trade-off
between efficiency and ex-post equality can also be seen through the comparison
between the lifetime income flows: 𝑊𝐻 −𝑊 𝐿 = 𝐸(1 − 𝛿𝜏) > 0. The intuition
behind this result is similar to the case of “free” higher education. Given that
students receive a net subsidy, there is an extra incentive for individuals to
enter public colleges or universities.

The difference 𝑊𝐻 − 𝑊 𝐿 also allows us to conclude that the trade-off
between efficiency and equality is reduced when the government provides
𝐻 = 𝐾𝐵 instead of 𝐻 = 𝐾𝐵. Recall that, under the “free” higher education,
we have𝑊𝐻 −𝑊 𝐿 = 𝐸. Under the policy in which students pay a tuition fee,
however, this difference is 𝐸(1 − 𝛿𝜏) < 𝐸. This result has an important policy
implication: although the introduction of tuition fees does not eliminate the
income inequality between skilled and unskilled workers resulting from the
provision of places in public institutions, it can reduce it. Furthermore, such a
reduction is larger the higher the percentage of the individual education each
student pays, 𝜏.

Let us now analyze a particular and extreme case of the previous financing
mechanism, in which students pay the entire cost of their education, that is
𝜏 = 1. Notice that, under this policy, students no longer receive subsidies. This
implies that there are no taxes (𝑇 = 0) and each student pays𝒯 = 𝐸𝐾/𝐻, which
is equal to the individual educational cost 𝐸 whenever all the places are filled
(𝐾 = 𝐻). As this financing mechanism is a particular case of the one analyzed
in the previous section, it is straightforward to see that, when 𝜏 = 1, SW is equal
to (13) and thus equal to (1) as well. Once again, the efficient allocation is that
𝐾 = 𝐻∗.

The lifetime income flows of skilled and unskilled workers are now

𝑊𝐻 = 𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) −

𝐸𝐾
𝐻

(18)

and (2), respectively. Given that there are no taxes, the income flow of an
unskilled worker is the same as in the baseline case: it continues to be an
increasing function of 𝐻.

As before, the function 𝑊𝐻 is composed of two terms, which present
opposite effects on the income flow as 𝐻 increases. The first one, the skilled
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job wage, is a decreasing function of the number of students, as we have seen.
For a given 𝐾, the tuition fee paid by each student, 𝐸𝐾/𝐻, is also decreasing
in 𝐻, since the total educational cost is shared among a higher number of
individuals. Because of the minus sign in the expression, the second term
of (18) is, therefore, increasing in 𝐻. We can invoke the assumption that
||𝜕𝑤𝐻

2 /𝜕𝐻|| > 𝜏 𝐸/𝑁 —assuming that the labor market is flexible enough, for
example—to guarantee 𝜕𝑊𝐻/𝜕𝐻 < 0.

The number of places 𝐾𝐵 that the government must provide if it wants to
achieve ex-post equality solves the following equation:

𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) −

𝐸𝐾𝐵

𝐻
= 𝑤𝐿

1 (𝐻, 𝐿 + 𝑁 − 𝐻) + 𝛿𝑤𝐿
2 (𝐻,𝑁 − 𝐻)

𝛿𝑤𝐻
2 (𝐻,𝑁 − 𝐻) − 𝐸 = 𝑤𝐿

1 (𝐻, 𝐿 + 𝑁 − 𝐻) + 𝛿𝑤𝐿
2 (𝐻,𝑁 − 𝐻) ,

(19)

where we use the fact that, in equilibrium, 𝐾𝐵 = 𝐻. Given that (19) is equal
to (1), they have the same solution 𝐾 = 𝐻∗. Thus, we have that efficiency and
ex-post equality are simultaneously achieved when there is a public provision
of higher education institutions but students are responsible for paying the
entire educational cost.

The above result is somehow expected, considering that the source of
inefficiency in the financing mechanisms analyzed in the previous sections is
the subsidy that students receive. When individuals pay for their own education,
on the contrary, there is no subsidy, such that the only factor driving young
adults’ choices between being a student or an unskilled worker is the relative
wage.

4. Concluding remarks

Several conclusions and policy implications can be drawn from our analysis.
First, policymakers must be aware of the inevitability of the trade-off between
efficiency and equity originating from public policies for higher education.
This implies that they must select which criterion is the most important to
be pursued. Second, one of the costs of subsidizing students through taxes is
inefficiency. The policy of “free” higher education is the worse on this criterion
because the subsidy is maximum when students do not pay any tuition fees.
Therefore, regardless of the criterion the policymakers want to achieve, there
are alternatives better than “free” education. In particular, charging students a
tuition fee that covers at least part of their education costs increases society’s
welfare.

Our model can be extended in several ways. One possibility is to assume
that the quality of public and private higher education institutions is different.
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This would depict the Brazilian scenario, for example, in which public universi-
ties are in general better than private ones. This would also allow us to build a
model with competition between the two types of higher education institutions.
In this context, another possible extension is to allow the family’s wealth to be
used to pay tuition fees. Another common characteristic of many countries is
that college students work part-time—sometimes full-time, with their classes
in the evening. This is another interesting extension that makes our model
closer to developing economies, such as Brazil.
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