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ABSTRACT. I study gender differences in major choice and col-
lege entrance probabilities in University of Campinas, a Brazilian
public university dependent on the State of Sdo Paulo. As with
most Brazilian public universities, students select a major, and
then compete for a place in that major by taking a major-specific
entrance exam. This singular characteristic of the Brazilian case
allows me to differentiate the effect of gender on major-specific
entrance probabilities and preferences. 1 propose a model and
econometric strategy which can account for two important issues,
selectivity bias and the fact that expected utility depends on the
probability of entering the different majors. I find evidence of gen-
der differences in preferences and entrance probabilities. For most
majors, gender differences in major choice are mostly explained by
differences in preferences. However, for the most demanding ma-
jors (those that require higher grades from students), differences
in major choice are explained in a large proportion by differences
in entrance probabilities. Finally, I find that gender has important
interactions with other variables. In particular, gender effects de-
pend on education, socioeconomic characteristics and family back-
ground.
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1. INTRODUCTION

There are significant differences in the average major choices of men
and women. This issue has been analyzed extensively for the American
case (see, for example Freeman 1971, Turner and Bowen 1999, Zafar
2009), but the same pattern is present in Brazilian universities. In the
case of the University of Campinas, for example, the proportion of men
choosing engineering majors between 2006 and 2008 was 67 percentage
points higher than the proportion of women choosing that major, and
the proportion of women choosing Medicine was 28 percentage points
higher than the proportion of men choosing that major (see Table 3
for more details).

The choice of college major depends not only on utility considera-
tions (including expected earnings), but also on the relative advantages
of each student. Ceteris paribus, students with a relative advantage in
math will tend to do better in majors which make intensive use of
mathematics, and therefore we expect them to choose engineering ma-
jors more often than students who have a relative advantage in verbal
skills, for example.

Accordingly, men and women may choose different majors partly be-
cause they have different preferences or different relative advantages®.
Moreover, gender differences may be affected by education, socioeco-
nomic characteristics and family background. For example, gender
differences in major choice may be smaller or larger for students who
attended public schools, in comparison with students who attended
private schools.

Therefore, it is important to know what is the relative importance
of gender differences and other individual characteristics in explaining
major choice and academic performance. Does gender have an effect
on the probability of entering college once we take into account other
individual characteristics? Do men and women choose different majors

1Several hypothesis have been proposed in the literature as to why these gender
differences may arise. The fertility hypothesis says that women know that their
work life will be interrupted when they have children, so the economic value of
particular careers may be lower. The socialization hypothesis states that men and
women are taught to be different since their infancy, and this has an effect on
what they perceive their role in society should be. Finally, gender discrimination
may also play a role, not only by generating a difference in expected earnings for
particular careers, but also by pre-empting the entry of women (men) to careers
traditionally dominated by men (women). See Turner and Bowen 1999 for a more
detailed discussion. However, it is important to remark that, independently of
the reasons why gender differences in preferences or academic performance, it is
important to know whether these differences do, in fact, exist.
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because they have different preferences or different relative advantages,
or because they have received a different education and come from
different socioeconomic backgrounds?

In past works, it has been difficult to find an answer to the previ-
ous questions because in most countries students are allowed to enter
college (or not) before choosing major. Therefore, it is in general not
possible to discern whether the major choice was motivated by the stu-
dent preferring that choice more than others, or because the student
believes she will do better in that major.

A good survey of previous works is Turner and Bowen (1999). Their
discussion on the possible causes of gender differences makes clear that
it is generally very difficult to determine the differential impact of each
factor. They use data on SAT (Scholastic Aptitude Test) scores for
American college students, and show that an important part of the
gender gap is explained by differences in SAT scores. Other papers,
like Altonji (1993) and Arcidiacono (2004), present dynamic models
to study the choice of college and major. However, they are mainly
concerned with the effects of differences in predicted earnings, and
do not take into account differences in the probability of entering or
finishing the different majors.

An important precedent for this paper is Montmarquette et al. (2002),
who use an econometric approach which is closer to the one used in this
paper. They present a model in which students take into account the
probability of graduating when choosing major. They estimate this
probability through a linear probability model, and then introduce the
estimated probability in a multinomial logit of choice of major. How-
ever, they do not allow for correlation between the errors of the prob-
ability equation and the expected utility of each major, which implies
that their analysis is prone to sample selection bias. As I will show, an
alternative econometric strategy can account for correlation between
both equations.

In this sense, the Brazilian case is particularly interesting. In most
Brazilian public universities, the student chooses a major before taking
a major-specific exam, which determines whether the student is allowed
to enroll in the major or not. Therefore, when choosing among the
different majors, the student takes into account not only the utility
corresponding to each major, but also the associated probabilities of
entry. This implies that we can perform a separate study of the factors
affecting the probability of entry and the choice of major.

The determinants of major choice have been scarcely explored in the
Brazilian case. A few papers analyze the determinants of performance
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in Entrance Test Exams (Guimaraes and Sampaio 2007, 2008, Calva-
canti et al. 2009), but the choice of major has not been analyzed in
detail. Such analysis of gender differences in choice of major is im-
portant because of its possible relation with gender inequality. This is
an important topic of research for the Brazilian Federal Government,
which is currently designing public policies to reduce gender inequality.
For example, the Federal Government has recently introduced over 400
projects directed at enhancing equal opportunities for men and women,
which will be performed by 22 government institutions between 2008
and 2011 (Pinheiro et al. 2008).

In this paper, I estimate a model of major choice and college entry
using data from entrance tests of the University of Campinas between
2006 and 2008. The basic model (Model I) consists of two estima-
tions. First, I estimate a binary logit to study the determinants of
the probability of entering the different majors. Then, I estimate a
multinomial logit model of major choice. An important determinant
of expected utility is the probability of entering the major. I calculate
these probabilities from the estimations of the first step.

In the basic model, I assume the errors of the entry and expected
utility equations are uncorrelated, so there is no selectivity bias by as-
sumption. In other words, the fact that a student chooses a particular
major does not mean that this student has a higher probability of enter-
ing that major, in comparison with a similar student who chose another
major. In an extension (Model IT), I allow for correlations between the
errors of both equations, so that students with a larger entry shock
for a particular major tend to have a larger preference shock for the
same major. Model I is estimated through Maximum Likelihood in two
steps. Model II is estimated through Maximum Simulated Likelihood
in one unique step.

When estimating the second model, I find that the correlation be-
tween the errors of the two equations is positive and significant. There-
fore, students who get a larger preference shock for some major tend
to have a larger entry shock for that major too. Given that the coeffi-
cient is significant, the model without correlations will produce biased
estimators. Therefore, it is important to consider correlated errors in
the econometric design.

I find evidence of gender differences in the probability of entering
the different majors. Controlling for other individual characteristics,
men have on average a higher probability of entering some majors,
and women have a higher probability of entering other majors. Inter-
estingly, the effect of gender depends on past academic performance,
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given that for most majors, the interaction between gender and the
ENEM grade is significant.?

I also find a significant effect of gender on major choice. The largest
differences between men and women arise in the most demanding ma-
jors (i.e. those with highest minimum required grades). Nevertheless,
there are significant differences between the choices of men and women
in other majors as well. Overall, men have a higher probability of choos-
ing mathematically-oriented majors (Technologies, Exact Sciences, and
Engineering and Architecture), and women have a higher probability
of choosing majors in Natural and Earth Sciences, Arts, Humanities,
and Health and Biological Sciences. In addition, I find that the effect
of gender on major choice depends on student characteristics. In par-
ticular, the size of gender differences depends on work status, type of
secondary school and income, among other variables.

In order to determine if gender differences in major choice are caused
by differences in preferences or probability of entry, I simulate women
choices with male probabilities of entry, and men choices with female
probabilities of entry. I find that preferences account for most of the
difference in choices in majors with low or medium minimum required
grades. In the most demanding majors, on the other hand, a large
part of the difference in major choice is explained by differences in the
probability of entry.

The rest of the paper proceeds as follows. In Section 2, I present
the models to be estimated and the estimation strategy. In Section
3, I describe the process of major selection and the characteristics of
the entrance exam for University of Campinas. In Section 4, I present
an introduction to the data and show descriptive statistics of the sam-
ple and variables used in the estimations. In Section 5, I show and
discuss the results of the estimations. Finally, Section 6 presents the
conclusions of the paper.

2. MODEL AND ESTIMATION STRATEGY

In this section, I present a model to study the decisions of N indi-
viduals (i = 1,2,...N), choosing among J majors (7 = 1,2,...J). Let
M;; € {0,1} be a binary indicator, which is equal to 1 if individual ¢
chooses major j and 0 otherwise, and E;; € {0,1} be another binary
indicator, which is 1 if individual ¢ enters major j and 0 otherwise.

2ENEM (Exame Nacional do Ensino Médio, High School National Exam) is a
non-mandatory Brazilian national exam, which examines students’ knowledge of
concepts taught in secondary school.
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Clearly, M;; will be equal to 1 for exactly one major j, and we observe
E;; only for the major the individual has actually chosen.

Individuals choose a major in order to maximize their expected indi-
rect utility, which depends on the utility of entering the major and the
probability of entering the major, which in turn depend on individual
characteristics. Specifically, let U;; = a; z; be the utility of individual
i of entering major j, and let p;; = Pr(E;; = 1|z;) be the probability
of entering major j, where x; is a k,-vector of individual character-
istics (including a 1 for the intercept), and the a; are k,-vectors of
parameters.

The expected indirect utility of individual ¢ from choosing major j
is:

(1) uz; = pij Uiy + €4,

where €;; is an individual-major taste shock, which is unobserved by the
econometrician, but known to the individual when choosing among the
different majors. Introducing the expression for utility and rearranging
equation (1) we get:

(2) U,:j = Pij O T + Eij-

According to equation 1, the utility assigned to a given major de-
pends on the probability of entering that major. This probability de-
pends on the characteristics of the individual, and is determined by a
binary model with latent equation:

(3) Yi; = V5 Zi + Nij,

where z; is a k,-vector of individual characteristics, possibly overlapping
with z;, v; is a vector of major-specific parameters, and n;; is an error
term which is unobserved (or partially observed) by the individual when
choosing major, and unobserved by the econometrician before and after
the individual chooses major. z; includes a 1 for the intercept.

As usual, we cannot observe the latent variables u;; and y;;. The
rules determining the observed variables are:

M;; = 1|ul,> max u;
E U7 i Tkt R
Eyj; = 1[y5>0],

where 1[.] is an indicator function.

There are two difficulties in estimating the above model. First, we
only observe F;; when M;; = 1. Therefore, there will be a selection
process if the errors in equations (1) and (3) are correlated. Second,
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the first latent equation depends on the parameters of the second latent
equation, through the probability of entering the major.

2.1. Basic model. To complete the description of the model, we need
some assumption about the error terms. I will start by assuming inde-
pendence of the error terms (Model I), and then relax this assumption
by introducing correlations between the error terms (Model II). The
benchmark model is characterized by the following assumption:

Assumption 1 (Model I). ¢;; are i.i.d. according to a double expo-
nential distribution, and have zero mean and variance equal to 7 /6.
ni; are i.49.d. with a cumulative density function I, and have zero mean
and unit variance. €;; and n;, are independent for any j and k.

The first part of Assumption 1 corresponds to what is known as
the multinomial logit Model (MNL, McFadden 1974).> Alternatively,
I could have assumed a multivariate normal distribution for ¢;;, which
would have yielded a multinomial probit Model (MNP). The advan-
tage of the MNL is that it provides closed form solutions for the prob-
abilities, and is therefore more tractable (the MNP usually requires
numerical integration for solving multiple integrals, which becomes un-
feasible when the number of alternatives is large). As is well known, the
main disadvantage of the MNL is the IIA (Independence of Irrelevant
Alternatives) property.4

[ will use the MNL for two reasons. First, it allows for compari-
son with previous studies of major choice. Turner and Bowen (1999),
Montmarquette et al. (2002) and Arcidiacono (2004), for example, use
the MNL as their discrete choice model. Second, in the following sec-
tion, I will generalize the model to allow correlations between the errors
of equations (1) and (3), which will eliminate the IIA property. Using
the MNL for this baseline estimation allows me to compare its results
with the alternative specification.

3Some authors also refer to this model as the Conditional logit Model, but it is
more appropriate to use the term multinomial logit for the case in which the model
is derived from utility maximization.

4The ITIA property requires that the relative odds ratio between two alternatives
does not change when a new alternative is added to the set of alternatives or when
the characteristics of a third alternative change. In the case of the MNL, the ratio
of probabilities of two events is

P _ exp(pi; o i)

Py, exp(pik ag @)
It is easy to see that this ratio does not depend on the utility parameters of the
other choices, which implies that the MNL has the ITA property. See Ben-Akiva
and Lerman (1985) and Anderson, De Palma, and Thisse (1992) for more details.



With respect to the distribution of 7;;, I could use a normal (probit)
or logistic (logit) distribution. The choice between the binary logit and
probit models is largely one of convenience and convention, since the
substantive results are generally indistinguishable. For the purpose of
this paper, I will use the logistic distribution, because of its tractability.

Model I is the easiest model that can be estimated. The errors
are independent, which means there is no selection problem. In other
words,

and the same is true for the expectations. It is important to understand
the meaning of this assumption: the fact that an individual chooses a
given major does not give any information as to whether he has a higher
probability of entering that major than other similar students who are
not choosing that major.

Under Assumption 1, the probability of entering major j is

pi; = Pr(Ej;=1|z;)
= Pr(yjzi+m; > 0)

1
4 = ,
@ e ——"

and the probability of choosing major j is
_exp(pij a; x;)
(5) = =7
> j—1 €Xp(pij o T;)

The estimation approach is very simple. Given that the parameters
of the probability of entering a major are needed to determine the
probability of choosing that major, I first run a binary logit of Ej;
on z;, for each major j using only the observations of individuals who
choose that specific major. Then, we use these estimations to run a
multinomial logit of M;; on p;; x;, using all observations.

It is important to remark that the proposed two-step procedure will
give unbiased estimators only if Assumption 1 is correct. If the er-
rors of the choice and entry equations are correlated, then there will
be a selection process which the two-step procedure will not take into
account, producing biased estimators. Notice, however, that this has
been the approach taken by previous papers examining gender differ-
ences in major choice. In the next section, I present an alternative
approach which will yield unbiased estimators for a specific correlation
structure. Designing an econometric model and estimation strategy to
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account, for more general correlation structures is an interesting topic
for further research, but is beyond the scope of the present paper.

In terms of identification, the parameters of the model are already
identified because of the non-linear functional form of probability, and
because entrance probabilities enter utility in a multiplicative form.
However, as I describe in Section 4 I will include exclusion variables in
the choice and entry equations, which will also help in the identification
of the parameters. In particular, some variables, like the one describing
whether the student has taken a private preparation course for the
entrance test, affect only the probability of entering a major. Other
variables, like the variables describing the reasons why the student
chose the particular major, affect only preferences.

2.2. Model with correlations. In this section we study what hap-
pens if ;; and 7,; are correlated. Specifically, let ¢;; = v;; + o u;; and
Nij = €ij + 0 i, where f;; is the common factor affecting the taste
and entry shocks. If ¢ is significant, then students with a higher entry
shock for some major tend to have a higher taste shock for that major
too.

It is important to determine what the individual and the econome-
trician know before choosing a major. v;; and p,; are known by the
individual before choosing a major, but are unobserved by the econo-
metrician. e;; is not known by the individual (at least before taking
the exam), nor by the econometrician (before and after the exam).?

Assumption 2 (Model II). v;; are i.i.d. according to a double expo-
nential distribution, with zero mean and variance ©/6. e;; are i.i.d.
with cumulative density function F', and have zero mean and unit vari-
ance. [t are i.i.d. according to a cumulative density function G with
mean 0, probability density function g, and unit variance. p;;, v, and
e;n are independent for any j, k, and h.

The econometric approach is inspired in the mixed logit, which al-
lows the parameters to differ among individuals.® McFadden and Train
(2000) show that the mixed logit can approximate any discrete choice
process, by appropriately choosing the distribution G, and that the
mixed logit eliminates the well known problem of the Independence of
Irrelevant Alternatives (IIA) of the Conditional and multinomial logit

5An alternative way to introduce correlation would have been to assume that the
€;;’s and 1;;’s have a joint normal distribution, and to allow the covariance matrix
to be non-diagonal.

6Read chapter 6 of Train (2003) for a good description of the mixed logit.
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models.” Usually, a normal distribution is used when the parameters
can take positive or negative values, and a lognormal distribution is
used when the parameters must have a specific sign. For the purposes
of this paper, 1,;; will follow a normal distribution.

Estimation of Model II is not as straightforward as the previous
case. The problem is that the correlation between the errors implies
that Pr(E;; = 1|lz;,M;; = 1) # Pr(E;; = 1|z;), so the estimation
of the second equation using only the observations of individuals who
chose a particular major gives biased estimates. For this reason, the
two-step procedure cannot be used and we have to estimate the whole
system in one step.

The first step is to construct the likelihood function. Let p; be a J-
vector containing the common factors for all majors, and suppose p; is
observed by the econometrician. This means that p; becomes a variable
in the estimation, just as one of the x; or z;. Let P;;(u;) = Pr(M;; =
Ui, ;) and pij(pij) = Pr(Ey; = 1|x, pij).® Under our assumptions,
we have that:

(6) PT(EZ‘]‘ = 1|ZL’Z,,M”) = P’I“(Eij = 1|$1,M1j = 1,,&2])

According to equation 6, if the model is correctly specified (i.e. if
the errors of the choice and entry equations are correlated according to
Assumption 2) and we were able to observe p;, then there would not
be a selection problem when estimating the probabilities of entry. In
other words, if Assumption 2 is correct, once we control for u;, the fact
that a student chooses a major does not mean that she has a different
probability of entering that major than a student with identical x;, z;
and p; who did not chose that major.

There are 2.J possible events for which we have to find a probability:
the probability of choosing major j and entering, and the probability of
choosing major 7 and not entering, for each j. Given p;, the probability

"Under Assumption 2, the ratio of probabilities of two events is

fOO exp(pij o Ti)

Py —o0 3 exp(pij aj wi) 9(pa) dpss

exp(pik Ok i)

Pi s — exp(pir ok Ti) ‘ 5
k f—OO E‘].’Zl exp(pij o z;) g(/«Lz) d,LLZ

where p; is a J-vector containing the u;j for j = 1,...J. Clearly, this ratio depends
on the utility parameters of the other choices, which implies that the IIA property
does not hold under Assumption 2.

8Notice that P;; depends on the common factors for all majors (y;), while p;;
depends only on the shock for major j (u;;).
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of choosing major 7 and the probability of entering major j are

exp(pij & T + 7 i)
Pij(w) = 57— ’
> =1 €xp(pij & x; + 0 1)

pij(1ij) = F(vj 2+ ai + 0 pij).

Then, the probability of choosing major j and entering is P;; (f4i5) pij (1)
and the probability of choosing major j and not entering is P;;(41;5) (1—
Pij(1i7))-

Of course, we do not observe p;. Nevertheless, we know its distribu-
tion, so we can integrate out the p;, i.e. calculate the expected value
of the above probabilities:

(7) LE; = / Py (i) pi(pis) 9(i) dps
(8) LNy = / Fij(ua) (1= pi(i)) 9 (i) dpsi
With LE;; and LN;; we obtain the following log-likelihood function:
N J
L=3 Y My (Eylog(LEy) + (1 — Ey) log(LN,))
i=1 j=1

There is no closed-form solution for the above integrals, and nu-
merical integration is unfeasible when the number of majors is large.’
Therefore, I will approximate the above probability through simula-
tions and maximize the simulated log-likelihood function.

The estimation process is as follows. For a given value of the param-
eters, a realization of p; is drawn from G for each individual. Using
these draws, I calculate Pj; and p;;. The process is repeated for R
draws and yields the following approximate probabilities:

~ 1 pr ST
LEy = 5> P,
r=1
T
LNy = 4 > PL(1—p),
r=1

where pz’; and pj; are the simulated probabilities of choosing and en-

tering major j corresponding to draw 7.

9n this paper, for example, I will group the majors in 9 major concentrations,
which would require solving 9 integrals for each of the above probabilities.
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Using these simulated probabilities we obtain the following simulated
log-likelihood function:

N J
L= Z Z M;; (Eij log(LE;;) + (1 - E) log@iN”)) '

=1 j=1

The Maximum Simulated Likelihood (MSL) estimator simply max-
imizes the above simulated log-likelihood, and is obtained through an
iterative maximization algorithm as the usual ML estimator. The only
difference is that in each step, we use a particular draw of the ran-
dom term p;; to simulate the probabilities in order to construct the
objective function. With respect to the choice of R, the estimators will
be asymptotically consistent if R grows at a rate greater or equal than
V/N. Therefore, in applications R is usually chosen to be slightly larger

than v/N.

2.3. Alternative models. In this section, I discuss alternative models
which could have been used to analyze major choice.

First, as I mentioned earlier, an alternative to the multinomial logit
(MNL) is the multinomial probit (MNP). As is well known, the MNP
does not have the problem of the ITA property. On the other hand, the
MNL has the advantage of delivering closed form solutions for prob-
abilities, which reduces the computational burden of the estimations.
This property is very important for the present paper because the num-
ber of alternatives and observations is very large. Moreover, the model
with correlations (Model II) eliminates the ITA property of the stan-
dard MNL, so the main argument to use the MNP instead of the MNL
loses strength.

Second, another econometric approach which could have been used
is the one proposed by Mallar (1977). Mallar studied a model with a
set of interrelated dichotomous (binary) relationships, where the prob-
ability that one event happens affects the probability that other events
occur. The approach is to transform the model, so that each probabil-
ity is a non-linear function of a linear index. Then, assuming that each
linear index depends on the other linear indexes (rather than on the
other probabilities), it is possible to obtain a reduced form for the linear
indexes, and estimate an independent equation for each probability, in
which the dichotomous variable depends only on the exogenous vari-
ables (i.e. the model is transformed so that each probability does no
longer depend on the other probabilities). Mallar shows that the struc-
tural parameters can be obtained from the parameters of the reduced
form.
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We could interpret a polychotomous (multinomial) model as a model
in which the n choices are interrelated dichotomous events. Then, we
could apply Mallar’s approach to our problem, by adding the respective
probabilities of entry. However, the above referenced transformation
is a strong assumption for a multinomial model. Mallar’s approach is
specially suitable for the case where truly binary variables depend on
one another, but is less satisfying for the analysis of polychotomous
choices, for which the MNL and MNP have been specially designed.

In addition to the previous reasons, an important advantage of the
MNL for the analysis of major choice is that this is the model which
has been used the most in the literature, so it facilitates comparison
with other papers. For these reasons, I will use the econometric model
proposed in the previous sections to perform the analysis.

3. THE UNIVERSITY ENTRANCE PROCESS

Before describing the data, it is important to understand the en-
trance process for Brazilian universities (vestibular). In this section, I
describe the process for University of Campinas, but the process is sim-
ilar for most public universities. I will only present a brief description of
the process of choosing a major and entering the university, considering
the most relevant features for the present paper. The actual entrance
process is much more complex.’’ Basically, university candidates must
choose their preferred majors, and only the best students within each
major are called to fill the seats. Majors with more candidates per
offered seat are more competitive and thus imply a lower probability
of entry.

Candidates must follow the following process:

(1) Each candidate chooses 3 majors in order of preference.

(2) Candidates take the first-stage exam. The exam is the same for
all students and has 2 parts: multiple choice questions and es-
say. The multiple choice questions may belong to Mathematics,
Physics, Chemistry, Biology, History or Geography. The essay
evaluates knowledge of the Portuguese language, and is graded
only for students who answered correctly at least 50% of the
multiple choice questions. All students are ordered within their
major of first-choice. Only the top students within each major

OFor more details, read University of Campinas’ general resolutions (resolugoes
gerales) number 31 of August 10, 2005; number 41 of August 21, 2006; and number
30 of August 8, 2007.
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can participate in the second-stage of the exam.!! It is im-

portant to remark that in this first-stage of the exam students
compete only with other students choosing the same major for
the possibility of taking the second-stage exam.

(3) Candidates take the second-stage exam. The exam is the same
for all students, and has 8 parts: Literature and Portuguese
Language, Biological Sciences, Geography, History, Mathemat-
ics, Chemistry, Physics, and English language.'?> The different
parts of the exam are given different weights for each major (e.g.
engineering majors put more weight on mathematics, literature
puts more weight on Portuguese language).

(4) Students with the highest scores are called to fill a seat. If
the student is not called for her first choice, she may be called
for her second or third choice, if her score is high enough. As
students may decide not to enroll in a major when they are
called, there may be several calls until all seats at the different
majors are filled.

(5) Candidates decide whether to enroll or not. Even when a can-
didate is called to fill a seat, she may decide not to enroll in the
university. There are many reasons why this may happen:

(a) The candidate may be one of the so called “treineiros,”
students who have not finished high school, and are only
training for the exam in a subsequent year.

(b) The candidate is called to fill a seat at another university,
and chooses that university over this one.

(c¢) The candidate decides not to enroll for other reasons (e.g.
a change in her socioeconomic situation).

In stage (4), students may be offered a place at their second or
third choices in an early call, but regardless of whether they accept
or reject this offer, they may still be offered a superior choice in later
calls. However, students who reject an offer to fill a seat in one of their
chosen majors in any given call, will not be offered lower choices in
subsequent calls. For example, if in the first call a student is offered a
seat at her second choice major, she may reject it and still be offered
a seat at her first choice in later calls, but she will no longer be offered
a seat at her third choice.

HThe number of students going to the second stage is determined following
a series of complex rules. The basic intention is to have a maximum of eight
candidates per seat in the second-stage exam.

1280ome majors require an additional aptitude test.
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With respect to the enrollment decision, in the available database
it is possible to identify treineiros, but it is not possible to identify
students deciding not to enroll for other reasons. Treineiros will be
excluded from the analysis, because they may have different motives
for choosing a major than non-treineiros.?

As explained above, students submit an ordered list of 3 majors
with their university applications. For the purposes of this paper, I
will focus on the study of the determinants of the first choice. There
are several reasons for this decision. First, the available database does
not have information on students’ second and third choices. Second,
the proportion of students enrolling in their second or third choice is
much smaller than the proportion of students enrolling in their first
choice.!* Table 1 shows the number of candidates, offers to fill seats
(calls), and enrollments, depending on the order of the major in the list
of preferred majors. The table shows that 90.95% of enrolled students
enroll in the major which they selected as their first choice, and only
9.05% of enrolled students enroll in a major which was not their first
choice. Moreover, the share of calls for second and third choices is
14.05%, which means that students reject second and third choices in
a higher proportion than first choices. Third, the reasons for choosing
the second and third alternatives may be very different from the reasons
for choosing the first alternative. For example, the second choice may
be a ‘safe bet,” that is, a major for which the probability of entry is
much higher than the first choice, and which the student selects in
order to maximize the probability of entering in some major.

Finally, students may be applying to other universities in addition to
University of Campinas. Then, it could be the case that these students
select a major at University of Campinas as a ‘safe bet,” and choose a
different major in the other university. The information on applications

13 Treineiros want to take the exam in order to gain experience in the vestibular
process. Given that the exam is basically the same for all majors (all that changes
from major to major is the weight given to each part of the exam), treineiros care
less about which major they choose as their first choice. Therefore, many treineiros
choose easier majors in order to have a higher probability of getting to the second
stage of the exam. In the database, for example, it is possible to see that treineiros
choose Technology majors (the least demanding group of majors) in a much higher
proportion than non-treineiros.

1B ven though the database has no information on the majors that students
select as second or third alternatives, we know in which majors students are offered
a seat, and also in which majors students decide to enroll (if any). Therefore, we
can determine if the student receives an offer or enrolls in a major which was her
first choice or not. Notice however, that we cannot determine the second or third
choice of students who are not offered any seat.
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to other universities is not available in the database. However, it is
unlikely that students will choose a major at University of Campinas
as a safe bet, given that University of Campinas is one of the most
prestigious universities in Brazil, and it is generally considered to be
very difficult to enter this university. For example, over 60% of the
students in the sample stated that they chose this university for its
reputation, or because this university is the best for the major they
want to study.

[ TABLE 1 ABOUT HERE. |

4. DATA AND DESCRIPTIVE STATISTICS

The dataset is composed of major choices, entrance test outcomes
and individual characteristics of applicants to the University of Camp-
inas between 2006 and 2008. The database has 134,563 observations
(not including treineiros), each corresponding to one candidate. After
eliminating observations with missing values, we are left with 120,058
observations.

Table 2 shows the number of candidates for a seat at the Univer-
sity, the number of students called to fill a seat in their first choice
major, and the number of students enrolled in their first choice major;
separated by gender, where M stands for male and F for female.!® In-
terestingly, we can see that the difference in the probability of being
offered a seat between men and women is between 2 and 4 percentage
points, depending on the year. Considering the whole sample, male
students’ average probability of being called to fill a seat is 12.34%,
while female student’s probability is 9.57%.

[ TABLE 2 ABOUT HERE. |

Majors have been grouped in 9 areas. Groups have been constructed
taking into account similarity of the fields of study and degree of dif-
ficulty. The degree of difficulty is determined by the test score of the
last person called to fill a seat: more difficult majors will require higher
grades from students to be called to fill a seat. The major composition
of the different groups is the following:

15A11 tables in the paper are based on the sample used in the estimations, i.e.
they do not include treineiros and students with missing information for some vari-
able used in the estimations. Tables including treineiros or students with missing
information may be obtained from the author upon request.
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Technologies: Construction Technology, Environmental Sanita-
tion Technology, Telecommunications Technology, Information
Technology.

Exact Sciences: Statistics, Mathematics (teaching certificate),
Computer Science, Physics (teaching certificate), Physics-
Mathematics-Applied Mathematics, Computation.

Engineering and Architecture: Electrical Engineering, Civil
Engineering, Chemical Engineering, Mechanical Engineering,
Electrical Engineering, Computer Engineering, Control and Au-
tomation Engineering, Architecture and Urban Planning.

Natural and Earth Sciences: Geography, Geology-Geography,
Chemical Technology, Chemistry, Food Engineering, Agricul-
tural Engineering.

Arts: Music Conducting, Music Composition, Music (teaching
certificate), Music Instruments, Popular Music, Dance, Visual
Arts, Scenic Arts.

Social Sciences: Social Sciences, Literature, History, Econom-
ics, Social Communication (Media Studies).

Humanities: Pedagogy (teaching certificate), Chemistry-Physics
(teaching certificate), Linguistics, Language Studies, Language
Studies (teaching certificate), Philosophy.

Health and Biological Sciences: Pharmacy, Medicine, Biolog-
ical Sciences.

Other Health and Biological Sciences: Nursing, Physical Ed
ucation, Phonology, Dentistry, Biological Sciences (teaching cer-
tificate).

University of Campinas organizes majors in 4 areas, according to
similarity of fields of study: (i) Exact, Technological and Earth Sci-
ences; (ii) Humanities; (iii) Arts; and (iv) Biological and Health Sci-
ences. The approach taken to construct major concentrations was to
divide these areas in groups according to the grade of the last person
called to fill a seat. Humanities, and Biological and Health Sciences
were divided in two groups each. Arts was kept as one group because
there was not much heterogeneity between majors in terms of mini-
mum grades. Exact, Technological and Earth Sciences was divided in
4 groups because this was the area with the largest number of majors,
and with more heterogeneity in fields of study and minimum grades.
Architecture was placed in the same category as most Engineering ma-
jors because it belongs to the same faculty as Civil Engineering, and
has a similar minimum grade. Food Engineering and Agricultural En-
gineering were placed separately from the other Engineering majors
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because they have much lower minimum grades. Instead, these ma-
jors were placed in Natural and Earth Sciences, which is composed of
majors with similar degree of difficulty and field of study.

The major offering of University of Campinas remained unchanged
from 2006 to 2008. University of Campinas gives two kinds of aca-
demic degrees. A Bachelor’s degree corresponds to a BSc or BA degree
in American Universities. A Teaching Certificate is an inferior de-
gree, which usually requires a lower grade to enter and is intended for
graduates who want to teach at the secondary level of education (high
school). I have indicated which majors correspond to Teaching Certifi-
cates in the list of majors. All other majors correspond to Bachelor’s
degrees.

One difference between this paper and previous works is that I will
have to include more groups in the analysis.!® This difference arises be-
cause previous works are not concerned with the difference in the degree
of difficulty, but only with the similarity of the fields of study. For ex-
ample, if we only considered major similarity, Medicine and Nursing
would be grouped together. However, Medicine requires a much higher
grade for students to be called to fill a seat. Therefore, there may
be students who choose Nursing over Medicine because they are more
likely to enter this major.

Table 3 shows descriptive statistics of the different major groups.
The first row shows the average minimum grade required to be called to
fill a seat in a major of that group. A higher minimum grade indicates
that it is in general more difficult to enter a major of that group.
We can see that Health and Biological Sciences, and Engineering and
Architecture are the two most difficult groups. Technologies and Exact
Sciences, on the other hand, are the least difficult groups. The second
row (candidates) shows the number and percentage of students who
selected a major within that group as their first choice. The third
row (called) shows the number and percentage of candidates who are
called to fill a seat in their first choice major. Finally, the fourth row
(enrolled) shows the number and percentage of students that decide to
enroll in their first choice major when offered the chance.

[ TABLE 3 ABOUT HERE. ]

Table 3 shows there are differences in the proportion of men and
women choosing the different majors, but also in the proportion of

6For example, Montmarquette et al. (2002) and Arcidiacono (2004) consider
only 4 major groups.
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men and women who are called to enter a major. For example, women
represent 22.37% of candidates for a seat in Engineering and Architec-
ture, but represent only 18.94% of students called to fill a seat. This
difference in shares means that men are offered seats in a higher pro-
portion than women.

The dependent variables used in the estimations are the choice of
major (first equation), and the outcome of the entry process (second
equation). As explained in the previous section, the entry variable
measures whether the candidate was effectively called to fill a seat in
her first choice major. Table 4 shows the list of independent variables,
and indicates the group of variables that will appear in each equation.
Most variables will appear in both equations, but some of them will
appear only in the equation determining the choice of major or in the
equation determining the probability of entry. The table also shows
which categories will be the reference categories in the estimations.

[ TABLE 4 ABOUT HERE. ]

The main explanatory variable is gender. The estimations also in-
clude interactions between gender and several variables. Other indi-
vidual characteristics are represented by race, age and work status.

Education variables are also very important. There is currently an in-
tense debate in Brazil on whether students coming out of public schools
have a lower chance of entering public universities because of the low
quality of primary and secondary public education. Also, students of
technical schools are considered to be better in mathematics and related
subjects, which may affect their probability of choosing and entering
the different majors. Finally, the estimations also include a variable
which indicates if the student is already enrolled in another major in
University of Campinas or another university.

The most important socioeconomic variable is income. When stu-
dents are surveyed, they are only asked in which income segment their
family income lies. Therefore, we do not have actual income, but a
categorical variable indicating the income of the family relative to the
minimum wage. Allegedly, higher income should imply a higher proba-
bility of entering any major, but it is more difficult to conjecture what
should be the effect on major choice. Also, poorer students are ex-
empt from paying the registration fee, so this can also be used as an
indicative of family wealth. Other important variables are the ones
describing the occupation and education of father and mother.

It is always desirable to have exclusion variables to help with iden-
tification. Some variables only affect the probability of entry. For
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example, students with a high ENEM grade may add points to the
vestibular score.!” Also, if the student took a pre-vestibular course,
she is likely to perform better in the vestibular exam. Finally, the
entry equation also includes an interaction between ENEM and gen-
der, to test whether higher ENEM grades have a differential impact on
men and women. All these variables will influence the probability of
entering the major the student chooses, but will not affect preferences.

Likewise, variables describing the reasons why the student chose the
major and the University of Campinas will affect the equation deter-
mining major choice, but will not affect the probability of entering a
given major. The choice equation also includes interactions between
gender and work, secondary school variables, other major, registration
fee and the variables showing the reasons for choosing the major and
the university.!'®

Table 5 shows summary statistics for the independent variables.
Columns 1 and 2 show the average value of each variable for men
and women, and column 3 shows the sample average. For categorical
variables, the average is the proportion of individuals for whom the
variable is equal to 1. Interestingly, we see important differences be-
tween men and women with respect to their individual characteristics,
socioeconomic variables and education variables. This shows why it
is important to control for all these characteristics in the regressions,
when trying to elucidate the effect of gender on preferences and prob-
abilities of entry.

[ TABLE 5 ABOUT HERE. ]

I"ENEM is a voluntary exam which students can take after finishing secondary
school. Students who have taken the ENEM exam increase their final vestibular
exam score, only if the ENEM grade is higher than the unadjusted vestibular score.
If the student did not take the ENEM test, or if the ENEM grade is below the
unadjusted vestibular score, then the vestibular score is not changed. Therefore,
taking the ENEM exam may be beneficial (if the student gets a high score), but is
never harmful for students.

18] have also estimated a model with more interactions, and found interactions to
be generally non significant in the entry equation (besides the interaction between
gender and ENEM). In contrast, many interactions were significant in the choice
equation. The unrestricted model had too many coefficients (each interaction in-
creases the number of coefficients to be estimated by 9), which reduced the global
significance of the model. For the purposes of this paper, therefore, I will only in-
clude in the estimations the interactions which were significant in the unrestricted
model.
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5. RESULTS OF THE ESTIMATIONS

In this section, I discuss the estimation results for the models pre-
sented in Section 2. I start with the benchmark model (Model I), and
then proceed to analyze the model with correlations (Model II).

5.1. Benchmark model. As explained in Section 2, the benchmark
model is estimated in two stages. First, I estimate the parameters
of the entry equation, and with the resulting parameters, I calculate
the probabilities of entering the different majors for each individual.
Second, I estimate a multinomial logit model for the choice of major,
using entrance probabilities estimated in the first stage.

Table 6 shows the estimated coefficients for the entry equation (equa-
tion 3). Table A1 shows the corresponding average marginal effects (in
percentage terms), which are calculated as the average of the marginal
effects of all individuals. For Gender and ENEM, the average marginal
effect includes the effect of the interaction, so the sign of the marginal
effects may differ from the sign of the coefficients. For all other vari-
ables, the sign of the coefficients will always coincide with the sign of
the marginal effects.

[ TABLE 6 ABOUT HERE. |

[ TABLE Al ABOUT HERE. |

With respect to the effect of gender on the probabilities of entry,
a positive (negative) sign would indicate that males (females) have a
greater probability of entering a given major group. The coefficient
of gender is positive and significant for 6 groups, and it is non signif-
icant for 3 groups. Given that the estimations include an interaction
between Gender and ENEM, this result only means that men have
a higher probability for entering 6 major groups considering students
with ENEM equal to 0. To perform a complete analysis of the effects
of Gender on entrance probabilities, we have to study the sign and
significance of the coefficients of ENEM and the interactions between
ENEM and Gender.

The coefficient of ENEM is positive and significant for all groups.
The coefficient for the interaction is negative and significant for 7 ma-
jor groups, but is always smaller in absolute value than the ENEM
coefficient. Therefore, a higher ENEM grade implies a higher average
probability of entering all majors for both men and women, but for
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7 groups of majors, a higher ENEM grade has a greater impact on
women’s probability of entry.

The first row of Table A1 shows the average marginal effects of Gen-
der considering all students. We can see that the marginal effect is
negative for 6 major groups, and is non significant for 3 groups. For
example, holding other personal characteristics constant, women have
on average a 7.80 percentage points higher probability of entering a
major in Other Health and Biological Sciences, and a 4.78 percentage
points higher probability of entering a Technologies major.

However, given that the interaction between ENEM and Gender is
significant, the average marginal effect of gender on entrance probabili-
ties depends on the ENEM grade. Table 8 shows the marginal effect of
gender on entrance probabilities for groups of students with different
ENEM. Given that for most majors ENEM coefficients for females are
larger than for males, for a large enough ENEM this will affect the
sign of the average marginal effect of gender conditional on ENEM.
In the case of Engineering and Architecture, for example, the average
marginal effect is positive for low ENEM grades, is non significant for
intermediate ENEM grades, and is negative for high ENEM grades.
In the case of Health and Biological Sciences, on the other hand, the
effect is non significant for most ENEM groups, and is negative and
significant only for the group of students with highest ENEM grade.

[ TABLE 8 ABOUT HERE. ]

Going back to Table A1, White is significant only for 2 major groups,
Arts and Health and Biological Sciences, and in both cases, the coef-
ficient and marginal effect is positive. The fact that White is non sig-
nificant for many groups may in part be due to the PAAIS affirmative
action program, which gives additional points to black and aboriginal
students, and may be thus counteracting any advantage White students
may have. Work is significant and negative for 4 major groups (work-
ing implies a lower probability of entering university), and significant
and positive for 1 major group.

The coefficients of the age variables are significant and negative for
7 major groups, and are positive for only one group, Health and Bio-
logical Sciences. For most major groups, the marginal effects decrease
in absolute value as age increases. This result is surprising, because
it means that for most majors, getting older has a positive effect on
the probability of entry, which may be due to two effects. First, many
students try to enter the university several years before succeeding.
These students may have a higher chance of entering as time goes by
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because they become more experienced. Second, there may be a se-
lection process, through which older students who are still trying to
enter the university are the most constant and hard-working students.
In the case of Health and Biological Sciences, on the other hand, the
coefficients of the age categories are positive and marginal effects de-
crease with age, which means that younger students have an advantage
on average to enter this major group.

The coefficient of Primary School Private is significant and positive
for 5 major groups. The largest marginal effects are those correspond-
ing to Humanities (4.90 percentage points) and Exact Sciences (4.72
percentage points). The coefficient of Secondary School Private is sig-
nificant and negative for 4 major groups, and significant and positive
for 1 major group. The coefficient of Secondary School Mixed (stu-
dents who attended both public and private schools) is significant and
negative for 4 major groups. For Engineering and Architecture; Nat-
ural and Earth Sciences; and Social Sciences, coming from a private
secondary school implies a decrease of 4 to 5 percentage points in the
probability of entry. This surprising finding may in part be due to
the PAAIS affirmative action program. Students who only attended
public schools for their secondary education receive extra points in the
vestibular exam, which may more than compensate the positive effects
that attending private secondary schools could have on the probability
of entering university.

The effect of attending a technical school is positive for 5 major
groups, and the largest effect is on Humanities (7.8 percentage points).
Surprisingly, the effect on Engineering and Architecture is negative.
Nevertheless, it is important to remark that the sign and significance
of the effects changes in the estimations corresponding to Model II. For
example, in Model II, the effect on Engineering and Architecture will
become non significant.

Students who are already enrolled in another major, at University of
Campinas or another university, have in general a higher probability of
accessing another major. For example, being enrolled in another major
increases the probability of entering Humanities in 16.40 percentage
points, and increases the probability of entering Exact Sciences in 15.26
percentage points. This result shows that having some experience in
higher education has a positive impact on the possibilities of entering
another major.

Being exempt of the registration fee indicates that the student comes
from a poorer socioeconomic background. For almost all major groups,
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Registration Fee has a negative effect on entrance probabilities. There-
fore students coming from a poorer economic background have in gen-
eral a lower probability of entering university. The exception is Health
and Biological Sciences, for which being exempt of the registration fee
has no impact on entrance probabilities.

Finally, preparing for the vestibular exam in a private academy in-
creases the probability of entering 7 majors. Interestingly, the prepa-
ration course has a greater effect on majors with a lower minimum
grade, like Technologies, Exact Sciences, and Other Health and Biolog-
ical Sciences. For example, preparing for the vestibular exam increases
the probability of entering a major in Other Health and Biological
Sciences in 4.28 percentage points, and increases the probability of en-
tering Technologies in 3.95 percentage points.

Next, I discuss the estimation results for the parameters of the choice
equations (equation 1). Table 9 shows the estimated coefficients and
Table A2 shows the corresponding average marginal effects. Marginal
effects are calculated as the average of the individual marginal effects,
and are shown in percentage terms. As with any polychotomous choice
model, the sign of the coefficients may not coincide with the sign of the
marginal effects because we have to consider the effect of a variable on
the utility of one alternative, in comparison with the effect on the utility
of the other alternatives. Moreover, the variables which are included
in both equations have a double effect on the probability of choosing
a major: on one hand, they affect the utility of entering the different
majors, but at the same time they affect the probability of entering the
different majors, which also affects expected utility. For these reasons,
it is more useful to perform the analysis in terms of marginal effects.

[ TABLE 9 ABOUT HERE. |

[ TABLE A2 ABOUT HERE. ]

After controlling for other individual characteristics, and taking into
account the effect of the interactions, males have on average a greater
probability of choosing mathematically-oriented majors, like Technolo-
gies, Exact Sciences, and Engineering and Architecture. Men also have
a greater probability of choosing Social Sciences. Women, on the other
hand, have a greater probability of choosing Health and Biological
Sciences; Other Health and Biological Sciences; Natural and Earth
Sciences; and Arts. These findings are consistent with those of the
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previous literature, and show that the Brazilian case exhibits similar
patterns to those found in other countries.

With respect to the magnitude of the effects, the largest effects of
gender are on Engineering and Architecture, and Health and Biological
Sciences. In particular, men have a 13.86 percentage points higher
probability of choosing Engineering and Architecture, and women have
a 10.38 percentage points higher probability of choosing Health and
Biological Sciences.

The marginal effects of White and Work are generally significant.
The largest effect of White is on the probability of choosing a major
in Engineering and Architecture: white students have a 1.42 percent-
age points lower probability of choosing a major in this group. With
respect to Work, students who work have a 11.39 percentage points
lower probability of choosing Health and Biological Sciences, and a
16.13 percentage points higher probability of choosing Engineering and
Architecture.

Students who went to a technical secondary school have a 21.12
percentage points higher probability of choosing Engineering and Ar-
chitecture, and have a lower probability of choosing all other major
groups. Being enrolled in another major is also generally significant.
Students who are enrolled in another major, in the same or another
university, have a 14.59 percentage points higher probability of choos-
ing Engineering and Architecture, and a 5.41 percentage points lower
probability of choosing Health and Biological Sciences.

Students who are exempt from paying the registration fee are more
likely to choose Engineering and Architecture, Humanities, and Other
Health and Biological Sciences, and are less likely to choose Technolo-
gies, Natural and Earth Sciences, Arts, Social Sciences and Health and
Biological Sciences.

The coefficients of the variables indicating the reasons for choosing
the major and the university are also significant. It is interesting to
comment the results for some major groups. For example, choosing
a major for job market reasons implies a decrease of 3.32 percentage
points in the probability of choosing an Arts major and a decrease
of 4.02 percentage points in the probability of choosing Health and
Biological Sciences. Likewise, choosing a major for its social contribu-
tion implies an increase of 13.84 percentage points in the probability
of choosing Health and Biological Sciences, and a decrease of 12.07
percentage points in the probability of choosing Engineering and Ar-
chitecture.
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5.2. Model with correlations. As explained in Section 2.2, Maxi-
mum Simulated Likelihood Estimators (MSLE) will be consistent if R
grows at a rate larger or equal to v/N, where N is the number of indi-
viduals. As a consequence, the number of computations increases at a
rate of N3/2, which makes it difficult to use a large sample. Therefore,
for the model with correlations I will use the sample corresponding
to the year 2008.' This sample has 39,494 observations. I will use
R = 200 draws for each individual, which is larger than v/N.?

Table 11 shows the coefficients of the entry equations for Model I1,
and Table 12 shows the corresponding average simulated marginal ef-
fects. Reported marginal effects are the average of the marginal effects
calculated for each individual and each draw, and are shown in per-
centage terms.

[ TABLE 11 ABOUT HERE. |

[ TABLE 12 ABOUT HERE. |

The coefficient of Gender is positive for 4 major groups, negative for
4 major groups, and non significant for 1 major group. The coefficient
of the interaction between gender and ENEM is positive for 3 major
groups, negative for 4 groups and non significant for 2 groups. As in
Model I, whenever the coefficient of the interaction is negative, it is
smaller in absolute value than the coefficient of ENEM, which means
that a higher ENEM grade implies a higher average probability of entry
for both men and women. Unlike Model I, however, the coefficient of
the interaction is positive for some major groups, which means that

9In order to determine the effects of using a smaller sample, in Appendix A, I
include the estimation results for Model I using the sample corresponding to year
2008. Comparing the estimations of Model I with the full sample and the reduced
sample, we can see that the differences in the effects of gender on choices are
minimal. In the entry equation, there is a loss of significance of the gender effect
for two major groups, but the sign and significance of the other groups remains
unchanged.

201t may be argued that part of the differences in the results of Model I and II
is caused by the difference in the estimation procedures. Specifically, Model II is
estimated by MSL which involves simulating the expected value of the probabilities
in equations 7 and 8. However, if the correlation between the estimations turns
out to be non significant, then the expected value of these probabilities will be
equal to the probabilities given by equations 4 and 5. Given the large number
of draws used in the simulations, the simulated expected probabilities will be a
good approximation of the true expected values. Therefore, the differences in the
estimations will not be caused by the difference between ML and MSL.
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for some majors, a higher ENEM grade has a larger impact on men in
comparison with women.

As in the previous model, the presence of an interaction between
Gender and ENEM implies that the average marginal effect of gen-
der will vary depending on the ENEM grade of the group of students
considered. Table 13 shows the marginal effect of gender for groups
of students with different ENEM. Consider first the two major groups
with highest average minimum grades. For Engineering and Architec-
ture, the average effect considering all students is positive, and is also
positive for most ENEM groups. However, the average marginal effect
becomes negative for the top ENEM category, which is due to the fact
that the coefficient of the interaction between ENEM and Gender is
negative for this group. Health and Biological Sciences shows a very
different pattern. The average effect considering all students is nega-
tive, and is also negative for most ENEM groups (all groups but the
top group, where it becomes non significant).

[ TABLE 13 ABOUT HERE. |

If we now consider the major group with the lowest average minimum
grade (Technologies) we can see that the marginal effect is negative for
low ENEM grades and is non significant for higher ENEM grades. On
the other hand, for Exact Sciences the average effect considering all
students is non significant, and the effect is negative for students with
ENEM equal to zero, and positive for the top ENEM groups. Similar
analyses can be performed for other major groups, which lead to the
conclusion that the relation between the average marginal effect of
gender and the ENEM grade depends on the particular major group
under analysis.

Going back to Table 12, White is significant for 4 major groups. The
largest effect is on the probability of entering Exact Sciences (2.27 per-
centage points), Other Health and Biological Sciences (2.20 percentage
points), and Arts (2.18 percentage points). Interestingly, Work is sig-
nificant only for two major groups, Engineering and Architecture, and
Health and Biological Sciences, and is negative in both cases. There-
fore, students who work have a lower chance of entering the most de-
manding majors.

With respect to the coefficients of the age variables, there are 4 major
groups which exhibit a similar pattern. For Natural and Earth Sciences,
Social Sciences, Humanities, and Other Health and Biological Sciences,
the marginal effects are negative and decreasing in absolute value as
age increases. This means that older students have an advantage to
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enter a major in these groups. The possible reasons behind this result
have already been discussed in the previous section.

Primary education variables lose significance in comparison with
Model I. Primary School Private only has a positive effect for Human-
ities, and Primary School Mixed has a positive effect on Engineering
and Architecture; and Health and Biological Sciences.

Secondary School Private has a negative effect on the probability of
entering the two most difficult majors (Engineering and Architecture;
and Health and Biological Sciences). For these majors, the positive
effect that private secondary schools may have is completely overcome
by the extra points students get with the PAAIS program. Finally, the
effect of Secondary School Mixed is negative for 2 major groups, Social
Sciences and Health and Biological Sciences.

The effect of Secondary School Technical is positive and significant
for Natural and Earth Sciences, and is negative for Arts and Health
and Biological Sciences. This result is surprising because it means
that attending a technical secondary school does not imply a higher
probability of entry into technical and math-oriented majors.

The effect of being enrolled in another major is positive for all major
groups except Arts, which means that having some experience in Uni-
versity increases the chances of entering a second career for most ma-
jors. Interestingly, the effect is larger for easier majors, and is smaller
for the two most difficult majors (Engineering and Architecture, and
Health and Biological Sciences).

The effect of Registration Fee is negative for all major groups except
Arts. This result means that poorer students have on average a lower
probability of entering most majors. Asin Model I, Preparation Course
is positive for 7 major groups. Finally, ENEM maintains sign and
significance, which means that having a higher ENEM grade increases
the probability of entering all majors.

Next, I analyze the estimation results for the parameters of the choice
equations. Table 14 shows the estimated coefficients and Table 15
shows the corresponding simulated average marginal effects. In addi-
tion to the variables shown in the previous section, Table 14 shows the
estimated coefficient and standard deviation of o. The marginal effects
are the average of the simulated effects corresponding to 200 draws
for each individual, and show the average effects on the probability of
choosing a major group in percentage terms.

[ TABLE 14 ABOUT HERE. ]
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[ TABLE 15 ABOUT HERE. |

Before analyzing the sign and significance of the effects, it is impor-
tant to comment on the coefficient o, which is significant. This means
that the errors of the choice and entry equations are correlated: stu-
dents who get a larger preference shock for some major tend to have
a higher entry shock for that major as well. Econometric models that
do not take this correlation into account will produce biased estima-
tors, and therefore it is important to consider correlated errors in the
econometric design.

In comparison with Model I, the sign of the average marginal effects
of Gender on choice probabilities remains unchanged for all groups
except for Social Sciences, for which the marginal effect is now non sig-
nificant. The magnitudes of the effects are also similar to the previous
case, except in the cases of Engineering and Health and Biological Sci-
ences, for which they increase in absolute value. According to Model
IT, men have on average a 24.14 percentage points higher probability of
choosing Engineering, controlling for other individual characteristics.
Likewise, women have on average a 16.95 percentage points higher
probability of choosing Health and Biological Sciences.

White has an effect on 4 major groups, and the largest effect is
on Engineering and Architecture. Working decreases the probability of
choosing Health and Biological Sciences in 12.05 percentage points, and
increases the probability of choosing all other majors except Natural
and Earth Sciences and Other Health and Biological Sciences, for which
the effect is non significant.

Attending a technical secondary school implies a higher probability
of choosing math-related majors (Technologies, Exact Sciences, and
Engineering and Architecture), and Natural and Earth Sciences, and
implies a lower probability of choosing Arts, Social Sciences, Health
and Biological Sciences and Other Health and Biological Sciences. The
largest effects are on Engineering and Architecture (7.78 percentage
points), and Health and Biological Sciences (-7.77 percentage points).
According to Model II, then, attending a technical secondary school
does not affect the probability of entering mathematically oriented ma-
jors, but it does affect the probability of choosing these majors.

Being enrolled in another major also affects major choice. The two
largest effects are on Health and Biological Sciences, and Social Sci-
ences. Being enrolled in another major decreases the probability of
choosing Health and Biological Sciences in 7.81 percentage points, and
increases the probability of choosing Social Sciences in 4.26 percentage
points.
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As in the previous model, students who are exempt from paying the
registration fee are less likely to choose Engineering and Architecture,
and Health and Biological Sciences, and more likely to choose Exact
Sciences and Humanities. Therefore, the conclusions of the analysis
of Model T still hold: poorer students tend to avoid choosing harder
majors. In particular, being exempt from the registration fee implies
a decrease of 15.54 percentage points in the probability of choosing
Health and Biological Sciences, and a decrease of 10.98 percentage
points in the probability of choosing Engineering and Architecture,
which are the two most demanding major groups, according to Table
3.

Finally, the analysis of the reasons for choosing major and university
lead to similar conclusions as before. Choosing a major for job market
reasons implies a decrease of 3.54 percentage points in the probability
of choosing Arts, a decrease of 7.39 percentage points in the probabil-
ity of choosing Health and Biological Sciences, and an increase of 4.11
percentage points in the probability of choosing Engineering and Archi-
tecture. Likewise, choosing a major for its social contribution implies
an increase of 21.26 percentage points in the probability of choosing
Health and Biological Sciences, and a decrease of 18.24 percentage
points in the probability of choosing an Engineering major.

5.3. Gender differences in entrance probabilities and prefer-
ences. According to the model presented in Section 2, students choose
majors by comparing expected utilities (p;; u;;). As a consequence, gen-
der affects major choice in two ways: (i) through its effect on entrance
probabilities (p;;), and (i) through its effect on preferences (u;;).

The marginal effects presented in the previous section were con-
structed taking into account both effects. In this section, I try to
separate the two effects, to see what part of the difference in gender
choices are generated by differences in the probability of entering the
different majors, and what part is generated by differences in prefer-
ences.

Specifically, I perform two simulations. First, I simulate women’s
choices using male entrance probabilities (i.e. setting Gender equal to
1 in the entry equation, and equal to 0 in the choice equation), and
compare them with men’s choices (setting Gender equal to 1 in both
equations). Then, I simulate men’s choices using female entrance prob-
abilities, and compare them with women’s choices. Table 16 presents
the results of the simulations for Model 11, as well as choice probabilities
calculated with own-gender entrance probabilities.
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[ TABLE 16 ABOUT HERE. |

As expected, changing the entrance probabilities used to calculate
expected utility has an effect on the probabilities of choosing the differ-
ent majors. For example, using female entrance probabilities, women’s
average probability of choosing Engineering and Architecture is 12.72%,
but when we simulate women’s choices using male entrance probabili-
ties, this probability increases to 21.11%. Likewise, using male entrance
probabilities, men’s average probability of choosing Health and Biologi-
cal Sciences is 22.41%), but when we simulate men’s choices using female
entrance probabilities, this probability increases to 30.07%. Therefore,
it is clear that gender differences in entrance probabilities affect ma-
jor choice. In particular, men have on average a higher probability of
entering Engineering and Architecture, and a lower probability of en-
tering Health and Biological Sciences (see Table 12). Therefore, men
will choose Engineering and Architecture majors in a higher proportion
than they would choose them if this difference in entrance probabili-
ties did not exist. Likewise, women will choose Health and Biological
Sciences majors in a higher proportion than they would choose them
if this difference in entrance probabilities did not exist.

Table 16 also shows that the sign of the gender differences in choice
probabilities is the same for both simulations, except in the case of So-
cial Sciences. Moreover, the magnitudes of the differences are similar.
For example, in the case of Engineering and Architecture, simulated
gender differences in choice probabilities are 16.24 or 17.79 percentage
points, depending on the simulation.

For most majors, simulated gender differences in choice probabili-
ties are very similar to gender differences calculated using own-gender
probabilities. Therefore, for these majors, differences in preferences
explain most of the gender difference in major choice. Nevertheless,
there are two important exceptions, which are precisely the two most
difficult majors. Using own-gender entrance probabilities, men have on
average a 26.28 percentage points higher probability of choosing En-
gineering and Architecture, but when we simulate choices controlling
for gender differences in entrance probabilities, men have a 16.24 or
17.79 percentage points higher probability. Therefore, for Engineering
and Architecture, there is a substantial part of the difference in choices
which is explained by gender differences in the probability of entry.
The same can be said about Health and Biological Sciences.

5.4. Interaction between gender and other explanatory vari-
ables. Given the presence of interactions between gender and other
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variables, the marginal effect of gender may differ for groups of stu-
dents with different characteristics. For example, gender differences in
choice probabilities may be smaller or greater for students who attended
public secondary schools, in comparison with students who attended
private secondary schools. Table 17 shows simulated average marginal
effects for different groups of students for Model II.

[ TABLE 17 ABOUT HERE. |

Table 17 shows there are significant differences in the effect of gen-
der depending on the group of students under analysis. For example,
comparing the effect of gender for working and non-working students,
we can see that in the cases of Engineering and Architecture, Natural
and Earth Sciences, Humanities, and Health and Biological Sciences,
the difference in choice probabilities between men and women is larger
(in absolute value) for students who work than for students who do not
work. Nevertheless, this pattern is not uniform across majors. In the
cases of Technologies, Exact Sciences, Arts, Social Sciences, and Other
Health and Biological Sciences, the gender difference in choice proba-
bilities is smaller for students who work, in comparison with students
who do not work.

Similar analyses can be performed for other variables. In particular,
it is interesting to examine the effects of secondary education on gender
differences. For example, men have a 25.56 percentage points higher
probability of choosing Engineering and Architecture if we consider
the group of students who attended private secondary schools, but the
difference reduces to 21.34 percentage points for students who attended
public secondary schools. Likewise, men have a 19.82 percentage points
lower probability of choosing Health and Biological Sciences in the
group of students who attended private secondary schools, but the
difference reduces to 11.13 percentage points for students who attended
public secondary schools. Therefore, private secondary education leads
to higher differences in the choices of men and women in the two most
demanding major groups. Nevertheless, there are also major groups
for which gender differences are larger in the group of students who
attended public secondary schools (e.g. Other Health and Biological
Sciences).

6. CONCLUSION

Gender differences in major choice have triggered an extensive litera-
ture trying to decipher the reasons for the existence of such differences.
The Brazilian case is interesting, because in most public universities
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students choose a major before taking a major-specific exam which
determines whether they can enter the major of their choice. This
contrasts with the college entrance process in most other countries (in-
cluding the US), where students are first allowed entry into university
and then have to choose their preferred major. The singular charac-
teristics of the Brazilian case allow us to test whether differences in
choices are due to differences in the probabilities of entry or differences
in the utility associated with the different majors.

I have presented two econometric models, and estimated them using
data from the University of Campinas, a prestigious public university
dependent of the State of Sao Paulo. The first model imposes inde-
pendence between preference and entry shocks, but can be estimated
with standard econometric software. The second model relaxes the in-
dependence assumption, but becomes harder to estimate, and I have
to resort to a Maximum Simulated Likelihood approach.

After estimating the second model, I find that the correlation be-
tween the errors of the two equations is positive and significant: stu-
dents who get a larger preference shock for some major tend to have a
higher entry shock for that major as well. The significance of this coef-
ficient means that the model without correlations will produce biased
estimators. Therefore, it is important to consider correlated errors in
the econometric design.

With respect to the effect of gender on entrance probabilities, there
are several interesting findings. First, the average gender effect on
entrance probabilities is positive for some majors and negative for other
majors. Second, the effect of gender on entrance probabilities depends
on the ENEM grade. Nevertheless, it is difficult to generalize on the
nature of the relation between gender effects and ENEM, as it will
generally depend on the specific major group under consideration.

In addition to gender, entrance probabilities are affected by other
variables. ENEM has a positive effect on entrance probabilities for both
men and women. Students who are already enrolled in another major
have a higher probability of entering all major groups except Arts, for
which the effect is non significant. Students who are exempted of the
registration fee (which indicates that the student comes from a poorer
family) have a lower probability of entering all majors except Arts, for
which the effect is non significant.

An important issue being discussed in Brazil is what is the effect of
private vs. public education on the possibilities of accessing higher ed-
ucation. It is generally argued that students of private schools receive a
better education, which gives them an advantage for entering college. I
find that the effects of attending a primary private school are generally
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non significant. I also find that students who attended private sec-
ondary schools have a lower probability of entering the most demand-
ing majors (Engineering and Architecture, and Health and Biological
Sciences), and have a higher probability of entering Exact Sciences and
Other Health and Biological Sciences. In the case of Engineering and
Architecture, and Health and Biological Sciences, the negative sign
of the coefficient may be partly due to the PAAIS affirmative action
program, which gives additional points to students who attended only
public secondary schools.

With respect to the effects of gender on major choice, I find that men
have on average a higher probability of choosing mathematically ori-
ented majors (Technologies, Exact Sciences and Engineering and Archi-
tecture), and women have on average a higher probability of choosing
Natural and Earth Sciences, Arts, Humanities, Health and Biological
Sciences and Other Health and Biological Sciences. The average effect
of gender on the probability of choosing Social Sciences is non signifi-
cant.

In order to determine if gender differences in major choice are caused
by differences in preferences or probability of entry, I simulate women
choices with male probabilities of entry, and men choices with female
probabilities of entry. I find that preferences account for most of the
difference in choices in majors with low or medium minimum required
grades. In the most demanding majors (Engineering and Architecture,
and Health and Biological Sciences), on the other hand, a large part of
the difference in major choice is explained by differences in the proba-
bility of entry.

Finally, I find that the effect of gender on major choice depends on
education, socioeconomic variables and family background. For ex-
ample, for Engineering and Architecture, and Health and Biological
Sciences, the difference between men and women is larger among stu-
dents who attended private schools, in comparison with students who
attended public schools. Therefore, for these two major groups, pri-
vate secondary education leads to larger differences between men and
women. Nevertheless, there are also major groups for which gender
differences are larger in the group of students who attended public
secondary schools (e.g. Other Health and Biological Sciences).
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TABLE 4. Variable definitions

39

Variable

Definition

Personal characteristics

Gender
White
Work
Agel
Age2
Age3
Aged (*)

FEducation variables
Prim Sch Private
Prim Sch Public (*)
Prim Sch Mixed
Sec Sch Private

Sec Sch Public (*)
Sec Sch Mixed

Sec Sch Technical
Other Major

Socioeconomic factors
Reg Fee

Income Low (*)
Income Medium
Income High

Educ Father None
Educ Father Prim
Educ Father Low Sec
Educ Father High Sec
Educ Father Uni (*)
Educ Mother None
Educ Mother Prim
Educ Mother Low Sec
Educ Mother High Sec
Educ Mother Uni (*)

1 if male, 0 if female

1 if white, 0 otherwise

1 if currently working, 0 if not working
1 if age is 17 or less

1 if age is between 18 and 19

1 if age is between 20 and 23

1 if age is 24 or more

1 if attended only private primary schools

1 if attended only public primary schools

1 if attended both private and public pr. sch.
1 if attended only private secondary schools

1 if attended only public secondary schools

1 if attended both private and public sec. sch.
1 if attended technical secondary school

1 if already coursing another major

1 if exempt from paying registration fee

1 if family income is up to 5 minimum wages
1 if family inc. is between 5 and 15 min. wages
1 if family income is above 15 minimum wages
1 if father has some primary school or none

1 if father finished primary school

1 if father finished low secondary school

1 if father finished high secondary school

1 if father finished university

1 if mother has some primary school or none

1 if mother finished primary school

1 if mother finished low secondary school

1 if mother finished high secondary school

1 if mother finished university
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TABLE 4. Variable definitions (cont.)

Variable Definition

Socioeconomic factors (cont.)
Prof Father Professional (*) 1 if father is professional

Prof Father Non-manual 1 if father has job with non-manual tasks
Prof Father Manual 1 if father has job with manual tasks

Prof Father Other 1 if father has another kind of job

Prof Mother Professional (*) 1 if mother is professional

Prof Mother Non-manual 1 if mother has job with non-manual tasks
Prof Mother Manual 1 if mother has job with manual tasks

Prof Mother Housewife 1 if mother is a housewife

Prof Mother Other 1 if mother has another kind of job

Others

Year Vestibular exam year

Only in major choice equation

Rsn Major Ability (*) 1 if chose major because of personal ability
Rsn Major Job Market 1 if chose major because of job market prospects
Rsn Major Soc Contrib 1 if chose major to contribute to society

Rsn Major Pers Realization 1 if chose major for personal realization

Rsn Major Other 1 if chose major for other reasons

Rsn Univ Best for course (*) 1 if chose Unicamp because is best for course
Rsn Univ Free 1 if chose Unicamp because it is free

Rsn Univ Reputation 1 if chose Unicamp for its reputation

Rsn Univ Other 1 if chose Unicamp for other reasons

Only in probability of entry equation

Prep Course 1 if took a preparation course for vestibular exam
ENEM ENEM test grade
ENEM * Gender ENEM interacted with Gender

(*) Reference category in the estimations.




TABLE 5. Summary statistics

Variable Male Female Total
Personal characteristics

White 0.751 0.769 0.760
Work 0.203 0.147 0.175
Agel 0.165 0.172 0.168
Age?2 0.534 0.554 0.544
Age3 0.222 0.218 0.220
Aged 0.079 0.056 0.067
FEducation variables

Prim Sch Private 0.540 0.511 0.526
Prim Sch Public 0.297 0.338 0.317
Prim Sch Mixed 0.164 0.151 0.157
Sec Sch Private 0.650 0.640 0.645
Sec Sch Public 0.294 0.309 0.301
Sec Sch Mixed 0.056 0.051 0.053
Sec Sch Technical 0.112 0.065 0.089
Other Major 0.100 0.069 0.084
Socioeconomic factors

Reg Fee 0.068 0.127 0.098
Income Low 0.264 0.323 0.293
Income Medium 0.470 0.446 0.458
Income High 0.266 0.231 0.249
Educ Father None 0.059 0.067 0.063
Educ Father Prim 0.072 0.087 0.079
Educ Father Low Sec 0.075 0.082 0.079
Educ Father High Sec 0.285 0.300 0.293
Educ Father Uni 0.508 0.463 0.486
Educ Mother None 0.048 0.054 0.051
Educ Mother Prim 0.074 0.086 0.080
Educ Mother Low Sec 0.081 0.090 0.086
Educ Mother High Sec 0.312 0.320 0.316
Educ Mother Uni 0.484 0.450 0.467




42

TABLE 5. Summary statistics (cont.)

Variable Male Female Total
Socioeconomic factors (cont.)

Prof Father Professional 0.487 0.453 0.470
Prof Father Non-manual 0.274 0.281 0.278
Prof Father Manual 0.105 0.118 0.111
Prof Father Other 0.134 0.148 0.141
Prof Mother Professional 0.320 0.296 0.308
Prof Mother Non-manual 0.261 0.269 0.265
Prof Mother Manual 0.043 0.043 0.043
Prof Mother Housewife 0.272 0.290 0.281
Prof Mother Other 0.105 0.102 0.104
Only in major choice equation

Rsn Major Ability 0.541 0.485 0.513
Rsn Major Job Market 0.090 0.060 0.075
Rsn Major Soc Contrib 0.087 0.126 0.106
Rsn Major Pers Realization 0.204 0.259 0.232
Rsn Major Other 0.078 0.069 0.074
Rsn Univ Best for course 0.418 0.373 0.396
Rsn Univ Free 0.174 0.203 0.189
Rsn Univ Reputation 0.232 0.254 0.243
Rsn Univ Other 0.176 0.169 0.172
Only in probability of entry equation

Prep Course 0.585 0.613 0.599
ENEM 89.987 83.208 86.540

For dummy variables, the mean is equal to the proportion of

individuals with that characteristic.
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