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Abstract

Higher education is increasingly provided by both public and private universities, in
particular in the developing world. Considering a mixed oligopoly setting and inspired
by the Brazilian context, we explore the relative merits of some frequently used higher
education policies in a context where a high-quality public university interacts with a
lower-quality private university. We calibrate the model to match relevant values of
Brazilian earnings and educational distribution. Subsidising private university tuition
fees increases participation, but many high ability students remain excluded, especially
if the subsidy is substantial. Affirmative action improves the surplus associated with the
public university system, as more high ability individuals attend the public university,
but virtually does not increase higher education participation. Although an expansion
of public university places induces a reduction in private university fees, total university
enrolment grows slowly, and many high-ability individuals cannot obtain a university

education.
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1 Introduction

Higher education has traditionally been seen as an inherently public sector activity in many
countries. In the last decades, a flourishing private university sector has made of higher edu-
cation a dual-sector phenomenon globally (Levy, 2018). In developing countries, the private
university sector expansion has been particularly rapid, as progress achieved in secondary
schooling generated a massive demand for higher education that the public sector was not
ready to accommodate. Thus, understanding the interactions between the public and the
private university sectors have become increasingly relevant to assess the effects of higher
education policies, especially in developing countries.

In this paper, we consider the existence of a public and a private university sector that
compete for a continuum of students characterised by ability and income levels. We ex-
tend the model in Fernandez and Gali (1999) and ? to allow for the interaction between
the public and the private university sectors considering the main features of the Brazilian
higher education sector. We then simulate different policies and assess their impact on the
universities’ decision variables and payoffs, and on student allocation.

Brazil has an emblematic higher education system in regional terms. As in many Latin
American countries, public universities typically have a better reputation than private uni-
versities.! Among the 24 Brazilian universities in the group of 50 top-ranked Latin American
universities, only three are private.? The differences in funding between public and private
universities are substantial. While the per-student cost of public universities was around
US$ 10,000 per year in 2010 (INEP/MEC, 2010), the estimated average tuition fee paid by

an individual enrolled in a private university was 35% of that amount.?

!To be sure, there are notable exceptions to this rule. Still, of the 50 best ranked Latin American
universities, 35 are public (Times Higher Education, 2019).

2For comparison, only eight out of the 50 best ranked US universities are public (Times Higher Education,
2019).

3 According to INEP/MEC (2010), the cost per public university student was R$ 16,541 in 2010. We
converted that amount using the exchange rate on 31 December 2010 of US$ 1=R$ 1.6618. We calculate



The Brazilian private higher education system is sizeable, as public universities enrol only
25% of university students. Public universities apply entrance exams, which can be very
competitive, or use the ENEM (end-of-high-school national test) as a selection mechanism.
They do not charge tuition fees. Private universities are, in contrast, mostly characterised
by lower education quality, in part because they tend to attract weaker students. While they
may use ENEM or other entrance exams, the requirements needed for access are typically
quite low. Private universities charge tuition fees.

Since public universities require higher scores for admission, they tend to attract students
coming from more privileged backgrounds, who have completed high school in a private
institution. Until recently, students from poor backgrounds were practically excluded from
university attendance since they could neither afford to attend a private high school or pay
tuition fees at private universities. Such a situation goes against the broad consensus that
ability to pay should not determine access to higher education. An allocation of students to
universities based on ability only is essential to level opportunities and maximise the surplus
of the higher education sector.

Like many developing countries, Brazil has recently implemented several policies as an
attempt to level the playing field for underprivileged individuals in the higher education
system and increase the number of university graduates (Bertrand et al., 2010; Estevan
et al., 2019). We focus on means-tested scholarships for attending the private university,
affirmative action for disadvantaged students and an increase in public university capacity.*
While the most natural way to address credit constraints appears to be a loan system, and
some developed countries have implemented income-contingent loans, the experiences with

students loans have proved challenging in developing countries. In particular, a robust legal

the estimates for private university tuition fees by using the total amount spent on private higher education
according to Menezes-Filho and Nunez (2012) and total private university enrolment in 2010.

“Ramos and Herskovic (2017) investigate the impact of affirmative action policies introduced in Brazil on
longer-term educational outcomes and welfare.



framework and functional judicial system are essential requirements for a workable loan
scheme, and these are often lacking in the developing world (Chapman, 2016).”

Together with the increased number of students completing secondary schooling, these
public policies have enabled the number of students enrolled in higher education to go from
3.8 million in 2003 to 7.3 million in 2013 in Brazil. It is not sure, however, that this surge has
benefited the ablest or increased the surplus associated with higher education. In particular,
universities’ reactions to the policies can sometimes reverse the effects of public policies.
For example, we will show that private universities may alter tuition fees in the presence
of subsidies for private university fees, public university capacity expansions or affirmative
action policies.

Our model incorporates several features of the Brazilian higher education system and
studies the effects of these different policies in a mixed oligopoly environment. We aim to
track changes in the allocation of students to each university sector and, as a consequence,
in the surplus generated, i.e., the difference between human capital produced and the cost
incurred. To do so, we assume that universities’ quality levels are exogenously given.® These
qualities may be thought of as reputation, which is relatively stable in the short/medium
run.

We consider the existence of a high-quality public university sector and a low-quality
private university sector that compete for a continuum of students characterised by ability

and income levels.”

°For instance, Brazil has a public loan system for private university students, Fies. Currently, two-thirds
of loan recipients are unable to repay their loans. Due to the lack of repayment enforcement, the program
became a scholarship program virtually.

6Unlike Cremer and Maldonado (2013) and Romero and Del Rey (2004), we do not consider peer group
effects, which is consistent with our assumption of exogenous university quality. While they focus on the
characterisation of the market equilibrium, our strategy is to take the basic structure of the market as given
and explore the effects of alternative policies in the short term. We conjecture that peer group effects would
not change the behaviour of the public firm as we model it. In contrast, the existence of peer effects could
provide incentives for the private university to reduce fees or use selective exams to attract higher ability
students.

"While this setting is a plausible (simplified) depiction of the Brazilian higher education system, it does
not represent the reality in many countries where private universities are generally of higher quality than



The public university, financed by governmental funds, has fixed capacity and charges no
fees. To fill capacity, it runs an admission exam to select all students that obtain at least a
given score. In contrast, the private university does not have capacity constraints, receives
no public funding, and charges tuition fees to maximise profits. Profit maximisation is a
standard (simplifying) assumption in the mixed oligopoly literature to oppose the goals of
the public firm. The critical point is that, unlike the public university, the private university
cares for revenues. In the Brazilian setting, this assumption is not far from reality (Knobel
and Verhine, 2017), also because the non-profit sector tends to behave similarly to the for-
profit institutions in many dimensions (Salto, 2018).%

Individuals get utility from attending university, which depends on the human capital
obtained, and tuition fees paid, or expenditures made to pass the admission exam. Indeed,
individuals pay a cost to prepare for the admission exam. Like Fernandez and Gali (1999),
we assume an admission exam technology that transforms ability and expenditures into a
score. The spending required to pass the exam is decreasing in ability and increasing in the
minimum threshold score.

We characterise the benchmark allocation as the situation in which students sort into
the public and the private university based on ability only. In the absence of perfect capital
markets, the individual is subject to an income constraint, and can only afford a university
education provided that her initial income can pay for tuition fees or expenditures related
to the admission exam preparation. Thus, individuals have in principle three choices: enrol
at the public university, enrol at the private university, or do not attain higher education.

As a full characterisation of equilibrium properties is intractable, we perform numerical

simulations to explore the relative merits of some of the most frequently used policies to

public universities. However, the simulation tools we develop to analyse our context can be easily adapted
to investigate alternative settings.

8 An article in the New York Times (Horch, 2014) gives full credit to our description of the higher education
market in Brazil.



address access to higher education accounting for the reactions of the universities in a mixed
oligopoly environment.

Our results show that subsidising private university fees can be very effective in raising
enrolments in higher education. However, if the subsidy is too generous, the private univer-
sity will increase its fees, and some poor students (but not so poor to receive the allowance)
will not be able to afford a university education. Students from higher-income backgrounds
remain, however, over-represented mainly at the public university. Affirmative action poli-
cies can equilibrate the profile of students enrolled in the public system, provided that the
reduction in the admission requirements is sufficiently large. This policy thus emerges as the
most adequate to increase the surplus associated with the public university system and is
revenue neutral. However, the private university will raise fees as a response, harming some
lower-income students. Finally, increasing public university places benefits students from
higher-income backgrounds most, but is also the most costly alternative.

We organise the rest of the paper as follows. In Section 2 we comment on the related
literature. We present the model in Section 3, the calibration and the simulations of the
benchmark and baselines cases of the Brazilian higher education sector in Section 4. We
analyse the different policies in Section 5 and show that our results are robust to alterna-
tive assumptions regarding the income-ability correlation in Section 6. Finally, Section 7

concludes.

2 Related literature

In addition to the works already mentioned, our contribution is related to two strands of
literature. The first is on mixed oligopolies with differentiated firms, that, to the best of
our knowledge, goes back to Cremer et al. (1991), for horizontally differentiated products,

and Grilo (1994), for vertically differentiated products. In both cases, competition between



a private and a public firm can generate a higher surplus than competition between two
private firms. Cremer et al. (1991) also show that this result still holds when one public firm
competes with a large number of private firms.

Delbono et al. (1996) model a duopoly with a public and a private firm competing in
quality and price. When firms move simultaneously in each stage, there are two subgames
perfect Nash equilibria entailing opposite quality rankings. If the public firm has a move
advantage, there is a unique Stackelberg equilibrium where the public firm provides the
higher quality. More recently, Laine and Ma (2017) consider a similar model where consumers
display different preferences for quality and also find multiple subgame perfect equilibria. In
these circumstances, it is impossible to predict or provide conditions under which public
quality will be larger or lower than the private quality.” Benassi et al. (2016) consider a
short-run approach, by taking quality levels as given and focus on the characterisation of
the price equilibrium.”

Mixed oligopoly models have been notably applied to the analysis of privatisation (Ishibashi
and Kaneko, 2008), the health care market (Jofre-Bonet, 2000; Sanjo, 2009), and the mar-
ket for higher education. The higher education market bears some particularities. Unlike
compulsory education and health provision, universal coverage is generally not desirable in
the higher education market. Indeed, output depends on individual ability and, for some
ability levels, getting no higher education is an efficient outcome. Also, credit constraints
prevent some individuals from accessing their first best, and second-best choices potentially
determine effective demand. Moreover, in addition to choosing quality and price, each higher
education institution can also ration demand by setting admission standards. Finally, like

in other education levels, peer group effects can be crucial in the determination of quality.

9Barigozzi and Ma (2018) propose a method to characterise equilibria in differentiated markets that solves
the tractability-generality dilemma generally encountered in this literature.

0Tn the context of higher education, Del Rey (2009) analyses, separately, two equilibria: one with higher
(exogenous) public quality and one with lower (exogenous) public quality, and shows that public university
fees can be welfare-enhancing when they induce the private university to increase enrolments.



Oliveira (2006), Romero and Del Rey (2004), Cremer and Maldonado (2013), and Tomori
(2018) have attempted to account for these features of higher education markets. In Brunello
and Rocco (2008), a public and a private school compete in price and educational standard,
and the latter is chosen by majority voting. In this context, there are also two equilibria,
one where the public school is the high-quality school and another one where it is the lower
quality school.' As we do not intend to characterise all possible outcomes but to analyse
the effect of a policy when the public university provides higher quality than the private
university, it makes sense to take the quality ranking as given.

The second strand of the literature uses theoretical and computational equilibrium models
to simulate education policies. In particular, our contribution is closest in spirit to Epple
et al. (2017) that develop a general equilibrium model of the market for undergraduate
studies in the US. In their model, public universities maximise the aggregate achievement of
in-state students, receive public subsidies, and face regulated tuition caps. Private colleges
are in monopolistic competition and maximise quality, which is a function of the ability of
their student body and resources.'? After calibrating the model, Epple et al. (2017) evaluate
the effects of two policy changes: an increase in federal aid available to students from both
types of universities, and a reduction in the per-student state subsidy accompanied by an
increase in tuition to in-state and out-of-state students. They find that reducing federal or
state aid reduces attendance substantially, mainly by poor students. Also, a reduction in
the support to state colleges induces private colleges to increase enrolment moderately and
improve quality.

Our approach is less ambitious than Epple et al. (2017). Similar to Benassi et al. (2016),
we focus on a short run partial equilibrium approach, which reproduces the main features of

the Brazilian higher education system. Also, like Brunello and Rocco (2008), we consider a

"De Fraja (2004) explores the reasons why public and private schools coexist at all.
2Epple and Romano (1998) use a competitive model for the interaction between public and private schools
to analyse the effects of vouchers.
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simplified market for higher education with only one public and one private university. Thus,
a significant difference with respect to Epple et al. (2017) is that we rule out differentiation

in private university price levels.

3 The model

In this section, we modify the framework by ? to a context where there is a high-quality

public university #g and a low-quality private university 6.

3.1 Students and Universities

There is a continuum of students characterised by an ability level a € [a,a] and an income
level w € [w, w]. The joint marginal distribution functiorll of zlibility and income is given by
f(a,w) and the cumulative distribution by F'(a’, w') = /a /w f(a, w)dwda. Our framework
allows for ability and income to be correlated or not.OIn 0both cases, education outcomes
depend on income, as education investments are costly.

The private university has an unconstrained capacity, is non-selective, and maximises
profits by charging tuition fees, p;. The public university faces a capacity constraint x and
receives only governmental funds, i.e., does not charge tuition fees. To select students, it
organises an admission exam and admits all applicants that obtain at least score v. The
per-student cost is ¢(f;) with j € [H, L], increasing and convex in #;. The assumption that
O > 0, implies that the per-student cost is higher at the public university as compared to
the private university.'3

The public university admission exam function V'(a,e) = v (with V, > 0, V, > 0, V. > 0)
transforms ability and expenditures e into a score v. Thus, the expenditure level required

by an individual of ability a to obtain score V' (a, e) is implicitly defined by V' (a, e(v,a)) = v.

13 As mentioned in Section 1, this is the case in the Brazilian higher education setting.
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As ? and Fernandez and Gali (1999), we work with the dual of V'(a, e(v,a)), the expenditure
function E(a,v). We also assume that the expenditure required to pass the exam is decreas-
ing in ability and increasing in the minimum score, i.e., E,(a,v) < 0 and E,(a,v) > 0. The
marginal expenditure required to pass a given score is decreasing in ability, i.e., Ey,(a,v) <0,
the slope of E(a,v) in the (w,a) space is negative and increasing in v: the more selective
the university, the flatter the expenditure function.

The utility of individual i attending university j € [H, L] is given by:

0,if j=H
Uij = w; + h(a;, 8;) — pupr, — (1 — p)E(a;, vy), with p = (1)
1,ifj=1L
where human capital h(a;, §;) is a function of individual ability a; and university quality 6;,
w; is the individuals income level, p;, > 0 is the private university tuition fee, and E(a;, vgy)
are the resources spent by an individual of ability a; to pass the admission test at the public
university.

We assume constant marginal utility, thus assuming away risk aversion. In our setting,
this assumption is innocuous as we ruled out uncertainty in the returns to higher education.
Also, individuals’ choice of education investment is discrete, and there is one single consump-
tion good, ruling out the possibility of individuals opting for mixed bundles of goods. Human
capital is increasing in the individuals ability at a non-increasing rate, i.e., hy(a;,6;) > 0 and
haa(a;,0;) < 0. We also assume that there is complementarity between ability and university
quality, i.e., heg(a;, ;) > 0. As a consequence, the marginal utility of university quality is
increasing in ability. The utility of an individual who does not enrol in higher education is
U,o = w;.

In the absence of credit markets, the individual is subject to an income constraint, and

12



can only afford the public university provided that:

_ 0,ifj=H
wi 2 ppr + (1 — p)E(ai, vg), with p = (2)
1, ifj=1L

Definition 1 Demand for public higher education Dy s the set of individuals i such that

Uig > Ui, and U;g > Uy and w; > E(a;,vg).

An increase in vy by the public university tightens the income constraint (2) and reduces
the utility (1) attained at the public university (j = H), thus reducing demand Dp.

The public university chooses vy to fill capacity. Thus, vy will be such that:

DH:K (3)

Definition 2 Demand for private higher education Dy, is the set of individuals i such that

Ui, > U,z and U;p, > Uyp and w; > PrL.

As expected, demand for the private university, Dy, is inversely related to pr. A higher
pr reduces the utility (1) resulting from attending the private university j = L and also
tightens the income constraint (2).

The private university chooses p; to maximise profits:

I, = (pr —c(0r)) Dy (4)

3.2 Equilibrium and surplus

To proceed with the calibration and simulation, we first define an equilibrium.

Definition 3 An equilibrium is a pair (vy,pr) such that

13



o the public university fills capacity: Eq. (3) is satisfied
e the private university mazximises profits: Eq. (4) is mazimised

e no individual wishes to change her higher education choice

We can also characterise the allocation of students to universities that maximises the
total surplus. Let the surplus associated with one student be the difference between her

acquired human capital and the university per capita cost:

Sij = h(ai, 0;) — c(0;) (5)

The surplus generated by public higher education will be maximised when for all i € Dy

h(ai, GH) — C(&H) > h(ai, QL) — C(@L)

and

h(a;,0n) — c(0n) > 0.

Similarly, the surplus generated by private higher education will be maximised when for all

iEDLS

h(ai,HL) — C(@L) > h(a,,@H) — C((QH)

and

h(a;,0r) —c(0) > 0.

Note that this is independent of income. Total surplus will be maximised when students are
sorted into schools based on their ability only.
In our quantitative analysis, we will consider the total surplus, i.e., the sum of surpluses of

individuals at their allocated universities, and the average surplus, i.e., total surplus at each

14



university divided by the respective enrolment at each university. While the total surplus
captures both changes in the ability level of students and enrolment levels, the average surplus

informs us of the changes in ability level among students enrolled in a given university.

4 Calibration and simulation

To study the equilibrium, we now calibrate the model using specific functional forms and
parameters from the Brazilian economy. We can then investigate the partition of the popu-
lation into each higher education alternative (no university, public, or private university) in
the presence of credit constraints. Our main goal is to verify to what extent policy alterna-
tives commonly used in many countries help to increase the surplus associated with higher
education in a market with credit constraints. The three policy alternatives are: subsidising
private university fees, reducing the minimum exam requirement in the public university
for low-income individuals, and increasing the public university capacity. In each case, we
identify who benefits and who loses from these policies.

We consider the following functional forms:

h(a;, 6;) = ab, (6)
E(ai, v;) = (Gmaz — i) v (7)
(6 =", ®)

satisfying the assumptions presented in Section 3. We proxy ability by the IQ test, which is

normally distributed with mean 100 and standard deviation 15:

a ~ N(100,225). (9)

We set a4, = 136, as only 1% of individuals have IQ score larger than 136. We also assume

15



that income is log-normally distributed:

In(w) ~ At 02). (10)
a Ha
Finally, we assume that is distributed bivariate normal with mean
ln(w) M
and covariance matrix:
o2 P 0u0y
P 00y o2

where p is the correlation parameter. When this parameter p = 0, income and ability
follow univariate normal distributions. While our main qualitative results remain similar
independently of the correlation parameter, we discuss in Section 6 some of the (slight)
changes in the outcome levels. An interesting feature is that the correlation parameter
affects the surplus generated by the baseline case, i.e., with credit constraints. Intuitively,
when income and ability are uncorrelated, all those who can pay enrol, and all levels of
ability are equally represented in the intake. In contrast, a high correlation between ability
and income implies that among those who can pay the fee, many individuals also have the
adequate level of ability, and the surplus generated by the baseline case is larger.

It is essential to allow for the correlation between ability and income. It has long been
known that IQ is not a measure of innate ability and that personal experience impacts
the 1Q level (Simons, 1978). Also, there is a correlation between individual experience and
the households socioeconomic background, even if parental stimulation rather than income
seems to be the main channel (Heckman, 2006). As in Epple et al. (2017), we use the
intergenerational correlation of income as a proxy for the relationship between income and
ability. Ferreira and Veloso (2006) estimate the intergenerational correlation of income in
Brazil to be equal to 0.58, more substantial than the 0.4 found in the US. Since household

income affects childrens school choices, the intergenerational correlation of income is probably

16



an upper bound of the association between parental income and child ability. In Section 6,
we show that our results remain qualitatively similar when we consider a correlation of 0.1
and 0.4.

We calibrate the model parameters, i.e., i, 0y, K, 0, and 6;, to match relevant values
of the Brazilian income distribution and educational system in 2000, as shown in Table 1.
In panel A, monthly mean and median household earnings are 1,172 and 562 Brazilian reais,

respectively. We present the corresponding parameters in Table 2.

A. Income distribution

Mean household earnings 1,172
Median household earnings 562
B. Education

University enrolment - age group 18-24 1,705,768

Total population - age group 18-24 23,365,185

Net enrolment rate - Tertiary - age group 18-24 7.3%

University enrolment - all age groups 2,864,046
Public (%) 30%
Private (%) 70%

Table 1: Income and Education Data - Brazil - 2000 Population Census

As shown in Table 1 (panel B), net university enrolment rate at university was 7.3%
in 2000. Since public universities correspond to 30% of university enrolment, we calibrate
the public university capacity, «, to 2.2%. We set public university quality, #; = 100, and
calibrate private university quality to match approximately total enrolment. In the baseline
case, a good approximation is 67 = 65, which generates a total enrolment of 7.6%, slightly
larger than observed enrolments.

To simulate the model, we generate a grid of 1,000,000 individuals characterised by ability
and income levels given by distributions (9) and (10). Considering the functional forms and
parameters presented above, we compute equilibrium values for p; and vyg.

More precisely, we generate a vector of 10,000 values for p;, ranging from 2,000 to 4, 500.'°

“Due to the discrete nature of the grid, we are unable to achieve a better approximation.
15The size of the vector py, increases computation time significantly. Therefore, we initially consider a
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Income distribution o 6.33

0w 121

Ability distribution Lha 100
O, 15

Correlation between Inw and a  p 0.58

Public university capacity K 2.2%
Public university quality O 100
Private university quality 0r, 65

Table 2: Parameter Calibration

Given pr, we identify a vy such that the public university satisfies the capacity constraint
and individuals choose optimally between public, private, and no university. For each of
these (pr,vy) pairs, we calculate the private university profit. Equilibrium is then given by
the combination (pr,vy) that maximises the private university profit.

Table 3 presents the results for the baseline case with credit constraints. At equilibrium,
pr, = 3,569.7. The admission score for the public university is vy = 300.8. Therefore, an
individual with average ability, i.e., a = 100, needs to spend 10,828.8 to be admitted to the
public university. This amount would correspond to the cost of private secondary education,

for example.

DL 3,569.7
v 300.8

Enrolment (%)
Public university 2.2
Private university 5.4

Table 3: Equilibrium - Results - Baseline with credit constraints

In the absence of credit constraints, individuals choose university by ability only. Our
assumptions on the human capital production function and costs imply that the more able

students choose the high-quality university. Panel (a) of Figure 1 depicts a hypothetical

larger range, from 0 to 10,000, and a vector py, with 1,000 (equally spaced) values. We simulate the baseline
and all the policy scenarios and verify that p;, € [2,000,4,500] in equilibrium. We then limit the range of
pr to [2,000,4,500] and raise the number of vector values to 10,000 in that smaller range, increasing the
precision of our simulation significantly.
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equilibrium without credit constraints, which is our simulation benchmark. Students are
allocated based on ability only. Higher ability students attend the (high-quality) public
university until full capacity is met. Lower ability students attend the (lower quality) private
university until they are no longer willing to pay, and lowest ability students attend no
university. Assuming that the return to public university education exceeds its cost, the
allocation of students to the public university maximises surplus given capacity constraints
and the private university tuition fee.'

Panel (b) on Figure 1 shows the effects of borrowing constraints in our baseline. Note
that, in both panels, the number of students in the public university coincides. The size of
the areas differs since students are unevenly distributed in the grid, due to our assumptions

on the income and ability distributions.
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(a) Benchmark (without credit constraints) (b) Baseline (with credit constraints)
Figure 1: Benchmark and baseline equilibrium

The comparison of the baseline and benchmark illustrates the impact of the lack of

credit markets. First, high-ability-low-income individuals cannot afford the preparation costs

6The benchmark equilibrium differs from the outcome that maximises the surplus in two respects. First,
students are allocated to the public university until full capacity is met, not until human capital produced
equals the per capita cost ¢(fy). Second, students are allocated to the private university until they are no
longer willing to pay pr,, not until their human capital equals the per capita cost ¢(0r).
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required to pass the admission exam at the public university. To fill capacity, due to the
unequal distribution of income and ability, the public university needs to lower the admission
standard very much. The profile of students who attend the private university changes
dramatically. Because some higher-income students now enrol at the public university, the
private university needs to lower the fee to attract more (lower-income) students. Some
students, for whom the benefit of investing in higher education did not exceed the cost
in the benchmark, can now afford private tuition fees and enrol at the private university.
Finally, individuals with the lowest incomes do not enrol at any university. Due to the
unequal income distribution in Brazil, these individuals represent a sizeable proportion of

the population.

5 Policies counterfactuals

We now consider three policies that could, in principle, increase the surplus, bringing the
allocation of students in the public university closer to our simulation benchmark depicted
in panel (a) of Figure 1. The first is a subsidy to cover the private university tuition fee for
low-income individuals partially. The second is an affirmative action policy, which consists of
a reduction, for low-income individuals, in the requirement for passing the public university
exam. In both cases, we set the income eligibility threshold to three times the minimum
wage per capita, which was used by the Brazilian scholarship program, ProUni. In 2000,
the minimum wage was 151, and there were, on average, 3.73 individuals per household,
amounting to an income eligibility threshold of 1,689.7. Finally, we consider an expansion
in the public university capacity. In each case, we investigate how the public and private
universities react to these policies and the impact of these policies on total university en-
rolment and the surplus associated with higher education. We also briefly discuss the costs

associated with each of these policies and the possibility of combining them. For expositional
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clarity, we present the surplus figures in Appendix A.

5.1 Private university fee subsidy

Assume the government provides a subsidy spy with s €]0, 1] to eligible individuals willing
to enrol at the private university. Figure 2 represents the equilibrium allocation of students
for (a) s = 0.2, (b) s = 0.5, and (c) s = 0.8. Panel (a) shows that the introduction of
a small subsidy covering 20% of tuition fees does not affect the allocation, as it does not
relax eligible individuals’ budget constraints. Larger subsidies, corresponding to 50% or 80%
of tuition fees, do affect their choices, providing incentives to lower-income individuals to
enrol in the private university. Interestingly, this phenomenon occurs among individuals of
all ability levels. Even low-ability individuals who would not find it optimal to enrol in
private universities if they had access to credit, would decide to join the private university
in the presence of tuition fee subsidies (see panel (a) of Figure 1). Therefore, a large subsidy
induces some low-ability students to enrol in private universities even when it is not optimal
to do so, reducing the average surplus of the private university sector (Figure 9, panel
(e)). However, it also enrols many low-income-high-ability individuals, generating a large
total surplus (Figure 9, panel (b)). The simulation results also show that a relatively low-
income eligibility threshold may prevent middle-income students from joining the private
university, generating discontinuities in higher education participation relative to income.
Still, participation increases considerably. Total enrolment is initially at 7.6%, as in the
baseline case, but raises to 13.4% with a subsidy of 50%, and reaches 21.6% when the
subsidy is of 80% of tuition fees.

Note also that the private university fee subsidy does not affect the admission require-
ments at the public university, as shown in panel (a) of Figure 3. Thus, this policy does not
impact the surplus associated with the public university allocation (Figure 9, panel (a)). As

a result, the total surplus of higher education, unchanged until the subsidy reaches 50% of
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the fee, increases continuously as

the subsidy grows above this threshold due to increased

participation (Figure 9, panel (c)).
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Figure 3: Equilibrium with private university fee subsidy

It is also worth noting that if

strategy of the private university

the subsidy rate is large enough, it impacts the pricing

and raises its profits. While the private university may

initially decrease the tuition fee to attract poorer students, who are numerous, it raises the

fees exponentially as the level of subsidy increases over 50% (panel (b) of Figure 3). For

subsidies larger than 70% of the fee, the full fee is larger than without subsidies, harming some
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students from middle-income backgrounds. However, many more individuals who are more
disadvantaged, and eligible to receive the subsidy, are still able to enrol when the subsidy
exceeds 70% of the fee. Also, despite the increase in total participation in higher education
and the surplus as the private university recruits additional students, the allocation of ability
types in the public university does not change, and many high-ability individuals with low
and medium incomes still do not have access to university under this policy scenario. The
cost of this private university fee subsidy can be sizeable (see section 5.4 for a discussion of

the costs of the different policies).

5.2 Affirmative action

In this section, we consider a reduction of % in the expenditure required for acceptance
at the public university for low-income individuals. To render the policies comparable, we
adopt the same income eligibility threshold as in the previous subsection. As Figure 4 shows,
this affirmative action policy benefits some high-ability-poor-individuals when we consider
a reduction in the required expenditure of 20% or 50%. Figure 10 (panel (d)) represents
the evolution of the average surplus at the public university as b increases. Initially, as the
proportion of low-income-high-ability individuals admitted at the public university increases,
the surplus generated by the public university rises. However, as the affirmative action policy
becomes more aggressive, reducing in 80% the expenditure required for admission at the
public university, it attracts too many low-income individuals with relatively lower ability
levels, leading to a surplus reduction.

The reason for this drop in the surplus is that, since the public university capacity is
constant, the general requirement to access the public university vy necessarily increases as
b increases (see panel (a) of Figure 5). Some relatively high-ability individuals with high
incomes are no longer admitted at the public university, and turn to the private university,

with initially positive effects on the surplus generated in the private university (Figure 10,
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panel (b)). However, since these individuals can pay more, the fee at the private university
ends up increasing for sufficiently high subsidies on low earners at the public university, as
shown in panel (b) of Figure 5, also generating a boost in private university profits (panel

(c) Figure 5).
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With the affirmative action policy, participation in higher education increases overall,
but on a very narrow range, from 7.6% to 8.3%, following a reduction of 80% in exam

preparation costs. Thus, affirmative action tends to improve the surplus associated with the
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public university allocation of students relative to the benchmark case, but this improvement
is non-monotonic. At some point near b = 50 %, the private university fee jumps up, reducing
the global surplus to levels close to the ones obtained at the benchmark (Figure 10, panel
(c)). As the reduction in the requirement to attend the public university for low-income
students continues to increase, more high-income high ability individuals turn to the private
university, and total surplus grows again. The total surplus per capita increases continuously,

as this policy improves the allocation of students to universities.

5.3 Increase in public university capacity

We now turn to the analysis of the effects of increasing public university capacity. As shown
in Figure 6, the expansion of public university places increases participation among lower-
income-high-ability individuals, but it benefits disproportionately high-income individuals
of various ability levels who move from the lower quality private university to the higher

quality public university.
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Figure 6: Student allocation with increasing public university capacity

As its capacity increases, the public university needs to lower academic standards vy

to fill the additional places, as shown in Figure 7. As more students enrol at the higher
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quality public university, the private university reacts by reducing the fee. Still, the number
of students enrolled at the private university falls. Consequently, profits at the private

institution go down as the number of places in the public university increases.

500
9e+07

400
7e+07

300
Private university profit

Private university tuition fees
5e+07

200
3100 3200 3300 3400 3500 3600 3700

Public university admission requirement

° o
Y
°

3e+07

T T T T T T T T T T T T T T T
0.02 0.04 0.06 0.08 0.10 0.02 0.04 0.06 0.08 0.10 0.02 0.04 0.06 0.08 0.10
Public university capacity Public university capacity Public university capacity

(a) vn(k) (b) pi(x) (c) m(x)
Figure 7: Equilibrium with increasing public university capacity

Total participation in higher education increases steadily with the number of public uni-
versity places since the number of new places at the public university more than compensates
the reduction in private university enrolment. For instance, when public university places
correspond to 1% of the total population, total university enrolment is 6.9%. An increase
in public university places to 10% leads to total university enrolment of 13%. However,
participation remains heavily biased toward high-income individuals, especially in the public
university, and some of the ablest do not gain access to any university. The increase in pub-
lic university capacity leads to a decrease in the average surplus associated with the public
university system (Figure 11, panel (d)), as the mean ability of public university students
decreases monotonically. Still, the total surplus increases steadily as the number of public

university places grows, as illustrated in panel (c), Figure 11.
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5.4 Discussion

We now discuss the relative effects of the three policies accounting for their costs and com-
ment on the possibility of combining them.

First, we have seen that private university tuition fee subsidies are very effective in
increasing enrolment. Although partially subsidising the private tuition fee of one student
is far less costly than funding one public university place of greater quality, the total cost
associated with this policy is far from negligible. In our exercise, the cost of a public place is
5,000 and the per beneficiary subsidy is approximately 1,480 when s = 0.5, raising to more
than 3,500 when s = 0.8. The public budget would need to increase by 623% to achieve a
threefold increase in enrolment, i.e., from 7.6% (s = 0) to 21.6% (s = 0.8).

Second, reducing the public university admission requirement for lower-income individ-
uals has a negligible impact on total enrolment, but improves the allocation of students,
raising total surplus. This policy has the advantage of being neutral from a public finance
perspective, making it an attractive option when increasing participation is not the primary
goal.

Last, the expansion of high-quality public university places is the most costly policy, as
it implies raising enrolment at the most expensive alternative. Indeed, the nearly two-fold
increase in enrolment (from 6.9% to 13%) implies a 2,000% increase in the public university
budget. Total surplus increases, but this masks a decline in surplus at the private university
sector.

Since it entails no additional cost, affirmative action is a policy that could be easily com-
bined with other policies, contributing to a higher surplus. Among the policies evaluated
here, private university subsidies are the most effective in raising participation. Thus, a com-
bination of affirmative action and private university subsidies could improve both objectives

at a lower cost than any other combination of policies.
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6 Robustness checks

We now explore the sensitivity of our results to changes in the income-ability correlation.
Figure 8 summarises the effects of the private university fee subsidy s, the public univer-
sity admission requirement subsidy b, and the public university capacity s on the decision
variables of the universities (the public university admission requirement, vy, in the upper
panel, and the private university tuition fee, py, in the lower panel) for different correlation
levels, i.e., 0.1, 0.4, and 0.58, the last one corresponding to our main specification.

Figure 8 shows that marginal effects remain very similar for different levels of the income-
ability correlation. There are only changes in the p; and vy levels. The admission require-
ment level is higher when the correlation between income and ability is more considerable.
In this case, a higher proportion of high ability individuals can pay the costs required to pass
the exam and hence, a tougher exam is required to restrict admission at the public university.
Similarly, willingness to pay for an education at the private university, which depends on
ability, is also larger for a given income level. For this reason, the fee that maximises profits

increases with the correlation parameter.

7 Conclusion

In this paper, we have extended the model in ? to allow for the interaction of public and
private universities when students cannot borrow to pay fees or admission exam preparation
costs. Although loan programs seem the natural way to address borrowing constraints, they
are generally disadvised in developing countries and therefore, out of the scope of our paper.

We have calibrated the model to the higher education sector in Brazil, and we have
simulated three commonly used policies. First, we have considered a partial subsidy of the
private university tuition fee for students from low-income households. The salient feature of

this case is that the public university does not react and public university admissions remain
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Figure 8: Main results with different ability-income correlation levels.

constant. Private university fees remain constant, then drop, and finally increase steadily

as the subsidy rate increases. Second, we have inquired into the role of affirmative action

policies. To this end, we have assumed that the public university reduces the academic

standard required for admission of low-income students. As this reduction increases, more

able students from low-income backgrounds enrol at the public university, improving the

(per student) surplus associated with the public university. The general academic standard

goes up, harming, as expected, middle and high-income students. The private university,

at first unaffected, increases the tuition fee if the reduction in the academic requirement for

low-income students is sufficiently significant. Last, we have explored the effect of increasing
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the number of public university places. In this case, the private university reacts by lower-
ing the fee. Public university expansion is the only policy that reduces private university
profits, continuously as the number of public university places increases. However, univer-
sity enrolment grows slowly, and many high ability individuals cannot obtain a university
education.

In terms of the relative costs, increasing public university capacity is the most expensive
option, but raises both participation and the total surplus. Affirmative action policies are
revenue neutral and, although they have a negligible effect on total university enrolment, they
increase total surplus. Private university subsidies prove most effective to increase access to
university and the surplus, but only if they cover more than 50% of the fee. Hence, although
less expensive than expanding public university places, the amount of private university fee
subsidies also needs to be sizeable to be effective.

Our model is highly stylised but proves useful to understand some of the dynamics
observed in the Brazilian higher education system. There is evidence that Brazilian univer-
sities have increased tuition fees as a response to the availability of student credit (Duarte
and de Mello, 2016). Because there is low enforcement of loan repayments, this programs
amounted to a 100% subsidy of university fees for most students. Thus, the predictions of
our model are in line with these empirical findings. The use of affirmative action policies
changed the profile of students enrolled in public universities, making it less advantaged on
average without compromising academic achievement, especially for moderate policies (Es-
tevan et al., 2019). This fact is also in line with our results. Finally, participation in higher
education has increased steadily over the last few years, and our results would suggest that
scholarships (or loans without strict enforcement) have probably been the central policies
contributing to that.

Our approach also confirms the importance of accounting for the reactions of universi-

ties to public policies in a competitive environment. Given our benchmark, it seems that
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an affirmative action policy that balances the abilities of students admitted at the public
university would increase the surplus more than an expansion in the number of places at the
public university. However, private university fees stay constant or increase in the former
case, while they fall steadily in the latter. As a consequence, total higher education surplus
increases faster with the number of public places. Finally, the distribution of income is also
key to explain the potential effects of different policies. In a high inequality society such
as Brazil, subsidies to private universities need to be very large to induce any change in

participation.
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A Appendix: Additional Figures
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Figure 9: Surplus with private university fee subsidy
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Figure 10: Surplus with affirmative action
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Figure 11: Surplus with increases in public university capacity
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