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1 Introduction

Education is one of the most important means by which governments attempt to equalize
opportunities for economic success among citizens. Parents and policy makers often wonder
whether and how the choice of a tracked or a mixed educational system affects opportunity
equalization. Under a tracking system, schools are hierarchically organized to accommodate a
range of student performance levels, and students are placed in the school that best suits their
ability level. By contrast, mixing works by grouping students of differing ability levels within
the same school. When comparing these systems, it is critically important to recognize the
existence of peer interactions and account for their impacts on students’ outcomes.!

It is commonly accepted that equality of opportunity is best achieved in a mixing educational
system (see Hanushek and Woessmann (2006) and Brunello and Checchi (2007)).> However, we
argue here that this is not always the case. We analyze the conditions under which tracking best
guarantees opportunity equalization for lifetime income. To do so, we study the distributions
of lifetime income across socioeconomic types produced by these two educational systems and
evaluate them according to the opportunity-egalitarian criterion. This implies to recommend
the system that maximizes the average lifetime income of the worst-off type of individual in the
society.

To address these issues, a model with two educational stages is introduced: compulsory and
college education. Students differ in parental backgrounds as well as in school achievement
levels. Some positive dependence between these two defining variables is assumed. After at-
tending compulsory education, each individual chooses either attending college or entering the
labour market. The peer group characteristics at compulsory education level indirectly affect
an individual’s lifetime income.

Several findings result from our analysis. The first one is that the opportunity egalitarian
policy maker implements tracking (mixing) if he is concerned only with students from poor
families with high (low) achievement levels upon entering high school. Furthermore, by pro-
ceeding in this way, the selected policy coincides with the one that maximizes college attendance

among poor students. Second, we define an equal-opportunity policy as one that maximizes the

!There is a large empirical literature on peer effects, see Sacerdote (2011).
2 Another recent example is Pekkarinen et al (2009) where, albeit with a different approach, it is found that
mixing enhances intergenerational earnings mobility.



average lifetime income of the worst-off type, poor students. We find that tracking better guar-
antees equality of opportunity in most cases. In particular, we find that, provided that tracking
maximizes average education at the compulsory level (for instance, because peer effects and
individual achievement are close complements), it will also maximize average lifetime income if
the opportunity cost of college attendance is sufficiently high.® In this case, tracking not only
provides students with better preparation on average, but also guarantees that the number of
students who attend college (i.e., those with high school achievement levels) is maximized. In
this context most low school achievers are excluded from college under either system. Thus,
intervention should target those with high achievement levels as they are the only ones who
will potentially attend college. Choosing tracking is the right way to do so as the peer effect
is stronger for these students in a tracking system than in a mixing one. In addition, these
students experience an increase in lifetime income after college attendance that is larger than
the increase that would have taken place under mixing. To summarize, tracking guarantees
equality of opportunity better than mixing in countries with a high opportunity cost of college
attendance. This is the case, for example, of countries with good labour market conditions for
young workers.

This paper is based on the literature that compares the performance of tracking versus
mixing education systems from a theoretical perspective (see Betts (2011)). The most closely
related works are Takii and Tanaka (2009) and Hidalgo-Hidalgo (2011). The former examines
the effect of these two alternative grouping systems on aggregate output. They find that
whether ability tracking increases aggregate output depends on the technology of human capital
accumulation. Similar results are found by Hidalgo-Hidalgo (2011). In particular, she finds that
the higher the complementarity between peer effects and individual school achievement, the
larger the difference between average education in the two systems. Several empirical papers
cited above explore equality of opportunity for tracked versus mixed education systems and
find that mixing better guarantees it.! However, these studies suffer from two main limitations,

which may explain the difference between their conclusions and our own. They either look

31f peer effects matter more for high-ability students than for low-ability students, then average education at
the compulsory level will be maximized in a tracking system as it is the educational system where high-ability
students enjoy a stronger peer effect.

4Hanushek and Woessmann (2006) find that based on international comparisons of early outcomes early
tracking increases educational inequality. Brunello and Checchi (2007), who focus on later outcomes such as
employability and earnings, find that tracking reinforces family background effects on labour market outcomes.



just at compulsory-level outcomes, which impede them from observing the long-term effects
of either system or, analyze later outcomes, but fail to consider the distributional impact of
family background on educational outcomes and instead focus solely on mean impacts. Our
study goes a step further than previous work by focusing not only on mean impacts but also
on the distributional outcomes of different grouping policies and by determining how those
policies may alter such outcomes by hindering or enhancing the college attendance possibilities
for specific groups of students.

This paper complements the existing theoretical literature on tracking by explicitly dis-
cussing the notion of equality of opportunity. By proceeding in this way, we find unexpected
arguments for a tracking educational policy. In addition, this paper complements the literature
by considering the effects of tracking versus mixing (each of which entails different peer inter-
actions) on college choice and lifetime income acquisition. This effect has been neglected in
the literature, although some empirical studies have shown that the quality of students’ peers
at school can influence their college attendance and performance rates (see Betts and Morell
(1999) and Hahn et al. (2008)).

The rest of the paper is organized as follows. Section 2 describes the model. Section 3
derives the distributions of lifetime income produced by the two educational systems at the
compulsory level. Section 4 evaluates both systems according to the opportunity-egalitarian

criterion, and Section 5 concludes.

2 Model

2.1 Individuals

We consider an economy in which individuals live for two periods, the educational and the
labour one, which last one unit of time each. Individuals differ in two aspects: their family
background and their school achievement, x, where x € [0, 1]. We interpret = here as student’s
achievement upon entering high school.” To make the model tractable, we assume that family

background takes only two values; that is, individuals can have either poor or rich parents with

5In the related literature = denotes “innate ability”. As the focus here is on grouping policies, we think it
is more appropriate to interpret x as the educational accomplishment at the age of first selection into different
groups, which is around 15 years-old in most OECD (see Education at a Glance 2008).



probabilities 1—\ and \, respectively.’ Population size is 1. We denote by Gy (z) the cumulative
distribution function (CDF) of x, conditional on having family background b, where b = p,r
for poor and rich parents, respectively. To capture the possibility that some level of positive
dependence exists between parental background and school achievement, we assume that the
CDF of z for rich parents dominates that for poor ones.” Finally, we assume that the support
of x for both poor and rich individuals is full. Thus, the aggregate CDF of school achievement,

denoted by G(z), with a domain x € [0, 1], can be expressed as:

G(z) = (1 = N)Gp(z) + AG,(2). (1)

In the first period of their lives, the educational one, individuals acquire compulsory educa-
tion during a fraction 1 — « of this period. During the remaining fraction «a, some individuals
attend college, and some others work as unskilled workers. This parameter « also represents
the opportunity cost of investment in human capital, that is, the fraction of earnings that would
have been received in the absence of the investment. During the second period of their lives,
the labour one, all individuals have one unit of time and all of them work. Those who attended
college are now skilled workers, whereas those who did not attend college remain as unskilled
workers. Figure 1 below illustrates the timing of the model. Individuals care for their lifetime

income, which, as we shall see below, depends on their education acquired.

Work — Unskilled
Compulsory /
College —» Skilled
A \ /A\ .
||' l—«a '|.'K a ".l
| [
Period 1 (Educational) Period 2 (Labour)

Figure 1: The timing of the model

We assume that the cost of education is paid in full by the government. However, in this
paper we do not focus on financial reallocations of educational resources. Instead we focus on
a different set of policy instruments, the grouping criteria, and investigate how the redistri-

bution of non-monetary inputs like peer group quality can reduce the magnitude of financial

6 Alternatively, we could interpret the two parent types as white or black, natives or immigrants, etc.
"That is, G, (z) < Gp(z) for any z € [0,1], and G,.(z) < G,(z) for some z € [0, 1].



redistribution needed at later stages. In Section 5 we discuss the possibility of introducing fees.

2.2 Education Production

At the compulsory high school level, students are separated into different groups, according
to their school achievement levels. For the sake of simplicity, we consider only two groups
here. The production of education at this level depends on two factors: the individual’s school
achievement, x, and a “peer group” effect that depends on the characteristics of the group in
which the student is placed. These characteristics are summarized by the mean achievement of
the group j, or the “peer” effect, denoted by @7, which depends on the grouping policy selected,
as we will see next.® An individual with school achievement z will have an education e upon

graduation from compulsory high school:

e=®(x,7), (2)

where ®(z,77) is a twice differentiable, monotonically increasing and concave function in each
argument, and thus it has an inverse that we denote by ¢ = ® !(e,77). Finally, note that
e € [®(0,77), ®(1,77)], where we assume that ®(0,77) > 0.

Consider now the college decision of the individual. If she attends college, and thus becomes
a skilled worker, her lifetime income y will be equal to ¥.(e), where ¥, is a monotonically in-
creasing and concave function in education acquired at compulsory school. If an individual does
not attend college, she works as unskilled worker during a fraction « of the first period and
throughout the second period. To simplify, we assume that the unskilled wage is linear with
e and thus, her lifetime income y is ¥, (e,a) = e(1 + «). The main results in the paper will
not qualitatively change had we assume that ¥, (e, «) is concave with e. We assume that the
marginal returns to compulsory education are at least as high for college graduates or skilled
workers than for unskilled ones, i.e., 0¥ .(e)/de > 0¥, (e, ) /Oe. This assumption captures the
well-known fact that early education fosters further learning which in turn yields higher earn-

ings.? Therefore, an individual will choose to attend college if ¥.(¢) > ¥, (e, a). An equilibrium

8There is an intense debate on the influence of peers on individual educational attainment. However, this
assumption is commonly accepted in the literature. See, among others, Bishop (2006) and Epple, Newlon and
Romano (2002), who also assume that peers affect an individual through the mean of their characteristics.

9See, for example, Heckman (2000) where this idea is extensively developed. Moreover, it follows directly
from Lucas (1988) that existing human capital improves learning efficiency in subsequent education.



is characterized by a threshold level of education e(«) that satisfies the previous equation with
equality, that is, the minimum level of education that students must acquire by the end of their
compulsory education if they are to attend college. That is, we are implicitly assuming that «
is such that € is interior. This implies that at least some individuals attend college but not all of
them, which seems reasonable.!® From the properties of ¥, (e) and ¥, (e, o) we have that a rise
in « increases €, meaning that a smaller proportion of students will attend college.!'. Finally,
we denote by ¥ the lifetime income acquired by the individual who is indifferent between college
attendance or not, that is, y = V.(e) = ¥, (€, ). Thus, from Equation (2), individual’s lifetime
income is monotonically increasing with school achievement and peer group characteristics.
In particular, the peer group characteristics at compulsory level condition her lifetime income
in two ways. First, directly as one’s compulsory school peers affect the amount of education
that one acquires at that level. And second, indirectly because such education also determines
the individual lifetime income and, thus, can influence the student’s decision regarding college

attendance.!?

3 The distributions of lifetime income under the two ed-
ucational systems

This section describes the two contrasting educational systems, mixing and tracking, and ana-

lyzes the distributions of lifetime income produced by these two systems.

3.1 Mixing

In a mixing system, the school achievement distribution is the same in both classrooms. The
average school achievement within each classroom, denoted by Z™, coincides with the aver-
age school achievement in the population. Individual lifetime income, y will lie in the sup-
port [ym,y™], where y,, and y™ denote the lifetime income y acquired in a mixing system

by the “worst” (unskilled and lowest school achiever) and the “best” (skilled and highest

10Tn addition we assume that ¥, (®(0,77),a) > ¥.(®(0,77)) > 0.

1A rise in o can be interpreted either as the result of an increase in the difficulty of college studies or as an
increase in the length of time spent at college.

12Betts and Morell (1999) find a direct link between high-school peer group quality and college grade point
average. Hahn et al. (2008) also find that peers in high school affect the student’s decision regarding college
attendance.



school achiever) individuals in the population, respectively, y,, = V,(®(0,7™),a) < ¥y and
y"™ = V. (P(1,7™)) > y. Therefore, the CDF of y in a mixing system, conditional on parental
"

background b, denoted FM(y), and with domain in all y € [y,,, y™] is as follows:

Fr(y) if ym<y<y
R (y) = Y e
Fely) if y<y<y™,
where F}7 (y) = Gy(o(¥,'(y), ™)) for b = p,r and W' denotes the inverse of the lifetime

income function for unskilled workers (if w = u, where ¥ *(y) stands for ¥ 1(y, a) henceforth)

and skilled or college graduated workers (if w = ¢).

3.2 Tracking

Tracking students implies grouping them on the basis of school achievement. To simplify, we
permit only two tracks.!> We denote by § and (1 —¢) the proportions of students in the low and
high tracks, respectively.!* In addition, we denote by ¢ the threshold level of school achievement
used for grouping students into one track or the other. Thus, a student is assigned to the high
(low) track when her school achievement z is above (below) ¢. From (1), the threshold level ¢

is implicitly defined as follows:

(1= NG, () + AG,(t) = 6. (4)

We use T'(\,0) and Z"(\, §) to denote the average school achievement in the low and high
tracks, respectively. In a tracking system, and for those students who joined the low track,
y will lie in the support [y;,4!], where 3, denotes the lifetime income y acquired in a tracking
system by the “worst” (unskilled and lowest school achiever) individual in the low track, that
is, 1, = U, (®(0,7), ). We denote by 4’ the lifetime income y acquired in a tracking system
by the “best” (highest school achiever) individual in the low track, that is, the student with

school achievement = = t. Note that her final lifetime income depends on whether or not she

13See Epple, Newlon and Romano (2002) who also allow for two tracks.

14We assume that 6 € (0,1). That is, there is some grouping policy in place that separates students according
to their previous achievement. If § = 0 or § = 1, then a tracking system is equivalent to a mixing one, and
the comparison between the two educational systems is meaningless. Thus, the government’s choice between
tracking and mixing can alternatively be interpreted as the choice between any ¢ € (0,1) on one hand and § =0
or 6 = 1 on the other hand.



attends college, that is, on whether her education level acquired at compulsory level is above
or below the minimum required to attend college, €. Let ¢! = ®(¢,7') denote the education
acquired at the compulsory level by the best student in the low track. Thus, if this student
does not attend college (i.e., ¢! < €), then y' = ¥, (e, ) < 7, whereas if she attends college
(ie., e > ©), then y' = W (') > 7. Likewise, for those individuals who joined the high track,
y lies in the support [y, 4"], where 3" denotes the lifetime income y acquired in a tracking
system by the “best” (skilled and highest school achiever) individual in the high track, that
is, y" = U, (®(1,7")). We denote by vy, the lifetime income y acquired in a tracking system
by the “worst” (lowest school achiever) individual in the high track, that is, the student with
school achievement x = t. Again, her final lifetime income depends on whether she attends
college or not. We denote by e, = ®(¢,7") the education acquired at the compulsory level by
the worst student in the high track. Thus, if she does not attend college (i.e., e, < €), then
yn = Y, (en, @) < ¥y, whereas if she attends college (i.e., e, > €), then y, = U.(e,) > y. Finally,
let y = min{y',J} < 7 = max{y,,y}. The CDF of y in a tracking system, conditional on
"]

parental background b, denoted by F (y) and with domain in all y € [y, y"] is:

Fw) if w<y<y
Fl.y) if y<y<y
Fi(y) = 5 if ¥<y<u (5)

Fhy) if yw<y<y

FPy) if 3<y<y’,

where F,f;w(y) = Gy(p(V, (y),77)) for b=p,r, j=1,h and w = u,c.

4 On the design of an equal-opportunity educational sys-
tem

According to Roemer’s theory of equality of opportunity (Roemer (1998)), an individual’s
acquisition of her objective is influenced by three factors: circumstances beyond her control, the

effort she expends and the policy environment. In our model, the objective is lifetime income, .



The circumstance is the parental background, b, and thus, individuals are partitioned into two
types: poor and rich. If two students of the same type are exposed to the same grouping policy
but their lifetime incomes differ, we attribute this to differential “effort”, which in our model
is captured by school achievement, z.!> Recall from Section 3 above that the grouping system
s determines the average school achievement of the group j, 77. That is, if s = M (Mixing),
then 77 = 7™ within each classroom, whereas if s = T (Tracking), then 7/ = 7' within the low
track and 7/ = 7" within the high track. Thus, from Equation (2), we can rewrite the lifetime
income acquired by an individual of type b who is exposed to the grouping policy s and has
school achievement x as y°(z, s).1¢

According to this theory, to equalize opportunity is to choose a grouping policy such that
the chance that an individual acquires a given amount of lifetime income is a function only of
her school achievement and not of her parental background.!” As school achievement x depends
on students’ type, we view the distribution of achievement within a type as a circumstance itself
and thus, if we wish to equalize opportunity, we must compensate them for this circumstance.
To do so, we define a student’s effort level by his rank 7 in the school achievement distribution
of his type, 7 = Gy(x). And thus, we compare her to others with her same circumstances.
Let Hy, = G} ' be the inverse CDF of school achievement. As suggested by Roemer’s theory
(1998), we may now define the “indirect advantage function” v°(mr, s) as the level of lifetime
income obtained by an individual of type b who expends the 7" degree of effort while facing the
grouping policy s, that is, v°(, s) = y®(H,(7), s). Thus, from a moral viewpoint, we declare that
two students coming from different parental backgrounds have equal school achievement if they
lie at the same rank of the school achievement distributions of their types (rich or poor), and

our grouping criteria are proposed as a policy instrument for rendering such students as close

15 As it is well known in the literature on compensation and responsibility, it is extremely difficult to make the
distinction between circumstances and effort. The use of two types allows for a relatively intuitive discussion
of the optimal grouping policy. In addition, in reality, whereas the distribution of post-school scores presents
a large variance, the distribution of school achievement is fairly homogeneous (see, among others, Heckman
(2006)). Thus, any partitioning of students based on their school achievement levels would lead to very similar
types. In Section 4.1 below we comment on the implications of this assumption.

16The effect of parental background on an individual’s lifetime income has two sources. First, it has an indirect
effect on education acquisition through the positive dependence on an individual’s school achievement. Second,
in a tracking educational system, parental background influences the peer group effect that she enjoys there
as the probability of being in the high track, conditional on having poor parents, is lower than conditional on
having rich parents.

1"We are not interested here on the issue of income inequality or differences between classes, although we
agree that this could be other potential objective of public intervention. In addition, the government could use
other instruments to achieve this goal as the fiscal policy, which is not the focus in this paper.

10



as possible in lifetime income. In general it is not feasible to achieve this goal and, therefore,
we also wish to constrain the minimum value of the lifetime income.

First, let us fix a particular centile 7 of school achievement. Suppose we were only concerned
with equalizing lifetime incomes across types at that 7. For this case, we propose choosing the
policy that maximizes the minimum level of advantage of these individuals. Propositions 1 and
2 below provide some results related to the equal-opportunity policy if we fix 7. Formally, the
equal-opportunity policy is:

EOp _

S

arg H{I%X min {v?(m, s),v" (7, s)}. (6)

Recall that F?(y) denotes the distribution function of lifetime income y in type b at grouping
policy s = M,T. Then, it follows that those at the 7" centile of the school achievement
distribution are exactly those at the 7" centile of the lifetime income distribution by the
monotonicity of lifetime income in school achievement. We can therefore write Fy¥ (v°(mr, s)) = .
Now, assuming that the distribution function is strictly increasing, it has an inverse, and we
can write v*(7, s) = Fy "' (x). It now follows that the equal-opportunity program in (6) can be
written as:

stp = argmax min {sz_l(ﬁ), F:_l(ﬁ)} . (7)

{s}
Hence, we can compute the equal-opportunity policy knowing just the distributions of life-
time income for the two types as a function of the grouping policy, that is, Equations (3) and
(5). If sE9P were the same policy for all 7, that would be, unambiguously, the equal-opportunity

policy. As Proposition 1 below shows, this is not the case in our model.
Proposition 1 Let m < (>)t. Then s£? = M(=T).

Proof. First, from Equation (3), we have that F(y) > FM(y) as F)",(y) > F,(y) for
Y € (Ym,y™) and w = u, c. Similarly, from Equation (5), we have that ) (y) > F(y) for any
y € (yi,y"). As aresult, min { F5!(r), F5~(m)} = F5~!(r) and thus sZ97 = argmax F5~*().
Now, if s = M, then @/ = ™ regardless of m. However, if s = T, then 7 = 7' if 7 < t, whereas

7/ = 7" if 7 > t. The rest is immediate from Equations (3) and (5), and 7' < 7™ < 7". =

EOp

2P if the government is con-

Proposition 1 tells us which is the equal-opportunity policy s

cerned only with the 7w-slice of the population. This implies to compare individuals with the

11



same 7w from poor and rich backgrounds, and select the policy that maximizes the minimum
lifetime income among them.!® Proposition 1 shows that if the government is concerned only
with low school achievers (i.e., students with m < ¢), then it should select a mixing grouping
policy as it is the system where these students would enjoy a stronger peer effect. In contrast,
if, it is concerned only with high school achievers (i.e., students with = > ¢), then tracking is
the appropriate system as it is the one where these individuals would enjoy a stronger peer
effect. Thus, contrary to the general belief that equality of opportunity is best achieved under
mixing, we find that tracking may be a more effective means of achieving that goal in some
cases. This result does not depend on the proportion of students in the low track, 6. In other
words, as long as J is such that there is some grouping policy in place that separates students
according to their previous achievement, then precisely that grouping policy, tracking, will be
selected if we focus only on those poor students who would be placed in the high track.

Now, an immediate question arises: is there any particular government aim that might
justify the government’s caring for only one of these two sets of individuals when choosing its
grouping policy? The answer is yes. As long as the government is interested in maximizing
college attendance among poor students, it should care more for one particular set of students
depending on the prevailing opportunity cost of college attendance. Moreover, by proceeding
in this way, the selected policy coincides with the equal-opportunity policy as defined above.
Although college attendance is not the critical outcome in our model, one could think of college

9 Proposition 2 shows that the

attendance as a crucial means to improve lifetime income.'
opportunity cost of college attendance determines which system better guarantees maximum
college attendance among poor students. Let @ denote the opportunity cost such that e(a) =

®(t,7™). This value o implies that when the opportunity cost of college attendance is equal to

a, no student in the low track attends college, whereas all high-track students attend college.

Proposition 2 Let a > (<)a. Then Tracking (Mizing) mazimizes college attendance among

18The minimum lifetime income is that of poor individuals here. The reasons for this are, first, that we
assume that the student’s circumstances are just parental background and thus individuals are partitioned into
two types, poor and rich and, second, that we assume that the CDF of x for rich parents dominates that for
poor ones. Thus, henceforth, social welfare is reduced to the welfare of students with poor parental background.
The analysis can be easily extended to consider a wider set of circumstances and types.

19We could think of societies where there is underinvestment in tertiary education. That is, the optimal
investment is lower than the equilibrium outcome, for example, because of positive externalities generated for
the entire society by more highly educated people. In this respect, Moretti (2004) finds empirical evidence
suggesting that an increase in the supply of college graduates increases not only high school graduates’ wages
but also high school dropouts’ wages. Thus, it is crucial to promote college attendance.

12



poor students.

Proof. See the Appendix. m

The intuition is as follows. If « is very low, nearly all students will attend college, in
particular, most high school achievers. Thus, intervention must be targeted toward those who
performed poorly in school. As the peer effect is stronger for these students in a mixing system
than it is under tracking, college attendance is maximized by the former. When the opportunity
cost of college attendance is very high, the college student body will be relatively small, and
the opposite result is obtained. In this context, most low school achievers are excluded from
college under either system. Intervention should target those who performed well during school
as they are the only ones who will potentially attend college. Choosing tracking is the best way
to meet this goal as the peer effect is stronger for these students in a tracking system than it is
in a mixing one.?’ In other words, if the opportunity cost of tertiary education is so high such
that a small portion of the population attends college, and the educational system is mixing,
then attendance would increase if the policy changes to tracking. This result is consistent with
observed stylized facts. Some European countries where a mixing system prevails (in particular
Spain) experienced a decrease in college entry rates, especially among students coming from
poor backgrounds, during the first decade of the 2000s (see Education at a Glance 2008). That
period was characterized by low unemployment rates and high wages among unskilled workers
which rose up the opportunity cost of college attendance.

From Propositions 1 and 2 above we know that the selected policy to achieve maximum
college attendance coincides with the equal-opportunity policy as defined above, sZ°P. Never-
theless, sZOP is not the same for every 7, and, of course, we wish to equalize lifetime income
across types for every 7. In what follows we consider every m and thus, we need some com-
promise solution. As suggested by Roemer’s theory (1998, 2002), we propose to form a social
objective function consisting of the average of the objective functions of each school achievement

slice of the population. Formally, from (7):

1
sPOP = arg r%%x/min {Fps_l(ﬂ), E¥ ()} dr. (8)
0

20T his result may explain the empirical evidence found by Hahn et al. (2008) based on Korean data regarding
high school graduates. They conclude that the number of high school graduates who entered top universities
(i.e., those universities for which € is high) was higher in a tracking system than it was in a mixing system.

13



The problem in (8) implies to choose the grouping policy that maximizes the minimum average
value of lifetime income across types. As F’(y) > F}(y) for s = M, T, this criterion implies the
following;:

sHOP — arg m%X Y, s (9)

where Y, s = j Fs~1(m)dm denotes the average lifetime income for poor students in an education
system s. Le(:; Y denote the difference in average lifetime income for poor students between
both systems, Y = Y, — Y, m. Now, we compute Y based on the primitives of the model, z.
In order to do so, we define 7° for s = M, T as the minimum school achievement such that it
is optimal to go on to college in the education system s. That is, 7° = ¢(¢,7’) where 77 = 7™
if s=M and 77 = 7' if s = T and ¢ lies on the low track (i.e., € < ¢!) and thus 77 < ¢ and

7/ =7 if s = T and € lies on the high track (i.e., € > e;,) and thus 27 > t. Let x = min{t, 27},

7 = max{t,2”} and then Y is as follows:

z z 1 M 1
Y = /\I/Lgpda: + /\I/gpd$ + /\I/?gpdx — /\I/umgpdx + /\I/Z‘gpdx , (10)
0 T T 0 M

where g, = g,(z) denotes the probability density function (p.d.f.) of school achievement z
for poor students, ¥ = U, (®(x,77),a), W) = U (B(x,77)) for j = I,m,h and ¥ = ¥" if
x =t or ¥ =V otherwise. The first and second terms in (10) reflect the average lifetime
income for poor students in tracking and mixing, respectively. We see now that the difference
in average lifetime income between both systems depends on the difference in average education
between them. To do so, and similar to Y, let denote by E the difference in average compulsory

education for poor students between both systems, which is:

t 1 1
E= /@(m,fl)gpdx + /@(z,ih)gpdx — /@(m,fm)gpdx. (11)

0 t 0
The first and second terms reflect the average compulsory education for poor students in tracking
and mixing, respectively. Previous literature (see, among others, Arnott and Rowse (1987))
finds that the difference in average education between tracking and mixing is determined by
the properties of the education production function ®(z,7’). Recent empirical evidence suggest

that the degree of complementarity between individuals’ school achievements x and peer effects
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77 is high enough (see Ding and Lehrer (2007)). This, in turn, means that average education
in tracking is higher than in mixing, as it is the system where high ability students enjoy a
stronger effect (see Takii and Tanaka (2009) and Hidalgo-Hidalgo (2011)). Thus, assuming that
E > 0, as in Proposition 3 below, just introduces some restrictions on the primitives of the
model that enable a result in line with this empirical evidence. Now, using Equation (11) we
can rewrite Y as follows:

Y=>01+a)E+ A+ A" - A™ (12)

where A!, A" and A™ denote the increment in lifetime income after college attendance for low-
t

track, high-track and mixing students, respectively. That is, Al = / (vl — wl)g,dx, Al =

z

1 1
/ (Uh — M) g dr and A™ = / (U™ — W) g,dz. Proposition 3 shows that the opportunity cost

x M
of college attendance and the difference between the increment in lifetime income after college

attendance in the mixing and tracking systems, A™ — (A’ +A"), determine which system better

guarantees equality of opportunity.

Proposition 3 Let ®(x,77) be such that E > 0. The following statements hold:
(i) If @ < & then sPOP = T if (1 4+ a)E > A™ — (Al + AM).

(ii) If o > @ then s¥OP =T,

Proof. See the Appendix. =

From Propositions 2 and 3 we can conclude that, if tracking maximizes both average edu-
cation at compulsory level, and college attendance rates among poor individuals, then it is the
recommended system under the equality of opportunity approach. The intuition is as follows.
Suppose that the opportunity cost of college attendance is very high; in this case, not only
does tracking provide better preparation to students on average, but it also guarantees that
the number of students who attend college (i.e., those with high school achievement levels) is
maximized. In addition, these students experience an increment in lifetime income after college
attendance that is larger than the one they would have experienced under mixing. Suppose
now that the opportunity cost of college attendance is low and, thus, mixing maximizes college
attendance among poor students. However, even in this case, tracking could maximize overall

lifetime income. Note first that tracking is clearly detrimental for those low-track students who
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would attend college only in a mixing system (i.e., those with x € (z™,27)). In addition, the
increment in lifetime income after college attendance is larger in mixing than it is in tracking for
low school achievers (i.e., those with x € (z7,t)). However, the reverse occurs for high school
achievers (i.e., those with 2 > t). Therefore, if the gain of the latter compensates for the losses

of the former two, then tracking will maximize average lifetime income among poor individuals.

4.1 A brief discussion of alternative welfare criteria

We believe that it is useful to contrast the equal-opportunity policy with two other well-known
policies, the Rawlsian (RW) and the Utilitarian (U). The Rawlsian policy maximizes the mini-

mum level of advantage across all individuals, regardless of type. That is:

s"™ = argmax min F;~ (7). (13)

{st {bm}

As F3(y) > F?(y) for s = M, T, the solution of this program is obtained by solving the
problem:

s™ = argmax F~'(m). (14)

S5 st 0<m<t

The Rawlsian approach implies selection of the education system that maximizes the utility
of the worst-off individuals in the society, where we take as the worst-off those students with
school achievement levels below the threshold level ¢ and with poor parents. The result is quite
immediate. Mixing is the optimal educational system, i.e., s®™ = M.2! This finding is derived
directly from the properties of the education production function. Observe that maximizing the
lifetime income of these individuals will imply maximization of their education level, which is
higher in a mixing system than in a tracking system as the peer effect they enjoy in the former
system is stronger than it is in the latter.

In contrast, the Utilitarian policy maximizes the average level of lifetime income in the

population as a whole. It solves the following problem:??

1

1
sV = arg rr{la}x )\/Ffl(ﬂ)dﬂ +(1- A)/F;l(ﬂ)dﬂ. (15)
0 0

2INote that this applies to all individuals with 7 < ¢, except for the individual with 7 = 0.
22Hidalgo-Hidalgo (2010) analyzes this criterion and finds similar results to those in Proposition 3.
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Thus, following the Rawlsian approach implies treating all factors as morally arbitrary, i.e.,
placing no behaviour in the jurisdiction of personal responsibility and simply maximizing advan-
tage over the whole population. Utilitarianism, in contrast, maximizes the average advantage
over the whole population. In the equality of opportunity analysis above, we defined only two
types, poor and rich (see Footnote 15). However, this assumption might be viewed as a conser-
vative one in the sense that it attributes more to effort than perhaps we should. Thus, in this
sense, the equal-opportunity policy we find might be seen as less compensatory to disadvan-
taged types than it would be if we delineated all of the relevant circumstances. As the set of
types becomes larger, the equal-opportunity policy approaches the Rawlsian policy (see Roemer
(1998)). Now suppose that society decides that there is only one type, that is, individuals are to
be held fully responsible for their lifetime income. Then, the equal-opportunity policy reduces
to the Utilitarian policy. Roemer (1998) shows that indeed, the equal-opportunity approach
takes a middle position between the Rawlsian and the Utilitarian. Here we find a similar result.
To the extent that differences in lifetime income are due to circumstance, it approaches Rawl-
sianism, but to the extent that they are due to effort (here, school outcomes), it approaches
Utilitarianism. In our view, this equality of opportunity approach is the most sensible one:
individuals should be compensated for certain kinds of bad luck but should be held responsible
for much of what they do.

Finally, an important aspect of the analysis above is the properties of the education pro-
duction function. In particular, we took here a relatively conservative approach regarding the
channels through which peers influence individual educational attainment. Namely, we assumed
that peers affect an individual only through the mean of their characteristics, thus assuming
that tracking is clearly detrimental for those students placed in the low track. On the one hand,
this assumption allows an intuitive discussion of the egalitarian policy and on the other hand, it
is the most common one in the related literature (see Footnote 8). Nevertheless, removing the
specification proposed in this paper will only reinforce our main results without adding further

insights.?

23See Hidalgo-Hidalgo (2011) for a detailed discussion on alternative specifications of peer effects which high-
lights the conservatism of the approach taken here by modelling the education production function in a way
that leads us to consider the worst case for tracking.
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5 Final Comments

This paper analyzes public intervention in education when the government, taking into account
the existence of peer effects at the compulsory education level and their impact at the col-
lege level, has to decide how to group compulsory school students. Two different education
systems (tracking and mixing) are examined. Equality of opportunity is assumed to be the
central governmental concern. Conventional wisdom suggests that equality of opportunity is
best guaranteed under mixing. Our study shows that this is not necessarily the case and that
the impact on educational results at later stages (i.e., college attendance outcomes) must be
taken into account when weighing the pros and cons of each educational system. We find that
tracking may perform better than mixing under the opportunity-egalitarian criterion.

Our proposal regarding equality of opportunity could be interpreted as an application of
Roemer’s theory of equality of opportunity (Roemer (1998)) to an education policy context.
Here, equality of opportunity is achieved through the allocation of students across different
groups. That is, students who have a low probability of college attendance only because of
their parental background should be compensated by grouping them with more competent
peers at school.

The paper abstracts from variation in public schooling expenditure at the compulsory and
college levels, which have previously been considered by Arnott and Rowse (1987) and Benabou
(1996), among others. However, the analysis of equality of opportunity might not be reversed
by considering, for example, the direct cost of providing college education. Higher college
attendance rates imply a higher total cost of college education, but this cost will always be
lower than its associated benefits (otherwise, it makes no sense to promote college attendance,
see Footnote 19 above). In addition, abstracting from this concern enables us to isolate the role
of compulsory school peer effects on future educational outcomes, which has not been considered
in the prior literature. Indeed, this is a major contribution of this paper.

The paper allows for some extensions. An important one is the introduction of prices,
which are omitted in this paper under the assumption of free education at both levels. This
would imply modelling parental income explicitly and could enable second-best analysis to be
introduced in the comparison between tracking and mixing. The crucial assumption in this

analysis would be on the degree of complementarity /substitutability between parental income
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and peer group effects. In this paper the number of tracks is fixed. Another feasible extension
includes the analysis of the optimal number of tracks. Observe that creating more tracks does
not necessarily imply increasing welfare. First, the complementarity between the peer group
effect and the student’s achievement might not offset the concavity in peer effects. In other
words, the gains of the high achievers (those who will be in tracks with higher mean achievement
than they would enjoy in a tracking system with a lower number of tracks) might not compensate
the losses of the low achievers (those who will be in tracks with lower mean achievement than
they would enjoy in a tracking system with a lower number of tracks). And second, as the
distribution of achievement is right-skewed (see also Brunello and Checchi (2007)), the set of
poor students who might benefit from an increase in the number of tracks (high achievers) might
not always be high enough. In addition, we might consider the effect of college attendance rate
on wages. We think that introducing this assumption would not change qualitatively the main
results of the paper. Note that this would make the opportunity cost of college attendance an
endogenous variable, a(f}), where 0 denotes the college attendance rate among poor students
under education system s, that is, 65 = 1 — G,(¢(é((6)),7’)). If we consider only the
conventional supply effect on the skilled wage, it can be shown that ) exists and it is unique.
Finally, it might also be interesting to compare the two educational systems in a dynamic setup.

To conclude, we believe our results on the role of compulsory school peers’ impact on future
educational outcomes, on the design of equal-opportunity grouping policies are of value and
seem relevant to several key issues currently under debate among economists of education. In
addition these theoretical results yield two hypotheses to be tested empirically: the impact of
grouping policies on the deceleration in college entry rates recently observed in some European
countries (see Education at a Glance (2008) and Hahn et al. (2008)) and the distributional

impact of these grouping policies on students with different background.
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6 Appendix

Proof. of Proposition 2: Let ) denote the college attendance rate among poor students
under education system s, i.e., 9;”(@) =1— Gy(¢(6,7™)) and 0] (¢) = 1 — G,(¢(€,77)) where
7 =7ife <e and T = 7" if e > ¢, and 0;‘5(@) =1-G,t) if ¢ < e < e,. We proof
that if « < (>)a then 9]:’;(/6\) < (2)9;”(5). To see this, let first € be some e € (€, e;,) such
that GZ(E) = 924 (¢). We show first that € is unique and thus, as (9110\4 (e) always cuts Hg(e)
from above, a necessary and sufficient condition to ensure that 9;‘,/1 () < (>)0,(2) is that
€ < (>)e. Note that as G,(¢(e,77)) is decreasing with 77 for j = m, [, h, we can check that
for any e < €, 9;{(6) - 924(6) = G,(¢(e,7™)) — Gp(¢(€,7")) > 0. However, for any e > e,
9;{(6) — 911)\4(6) = Gp(p(€,7™)) — Gp(¢(e,7")) < 0. Thus, there is at least one e € (¢!, ¢ey)
such that Gg(e) = 9;‘)4(6). Now suppose there is some ¢’ € (e!,e;) and ¢’ # € such that
07 (e') = 0;,”(6’). Then, from the definition of 65(€), 6] (¢') = 624(6/) =1 — G,(t). However, as
Gp(¢(e,7™)) is a monotonically increasing function with e this cannot be true. Now, it can also
be checked that ¢(e,T™) =t or, equivalently, € = ®(¢,7™). Now, as e(«) is strictly increasing,
then it has an inverse, ¢~'. Thus, from the definition of ¢ and ¢, € < (>)é(a) is equivalent to
e HP(t,7™)) < (>)a,or a < (>)a. =

Proof. of Proposition 3: (i) We first show that if a < & then 7Y < 77 < ¢ and, thus,
z =27 and T = t. To see this let ar denote the opportunity cost such that e(ar) = €' and
aT denote the opportunity cost such that e(al) = e,; thus, it is clear that ap < & < of. (i.1)
if @ < ar, then € < e! which, from Equation (2) and the definitions of € and ¢!, is equivalent
to 77 = ¢(e,7') < t. As 7™ = ¢(e,7™), then, from Equation (2), M < 2T < t. (i.2) if
ar < a <ol e <e<e,and, thus, 7 = t. Then, for any o within this interval, if & < (>)a,
then € < (>)®(t,7™), which is equivalent to 7" < (>)t. Thus, if @ < & the result is immediate
from Equation (12). (ii) We show that if « > & then 7Y > 77 > t and, thus, z = ¢ and
T =72T. (ii.1) If @ > af, then € > e, which, from Equation (2) and the definitions of € and ey,,
is equivalent to 27 = ¢(e,7") > t. As 2™ = ¢(e,7™), then, from Equation (2), zM > 27 > ¢.
(ii.2) If ar < a < o’ then from (i.2) above we know that if & < (>)a, then 7 < (>)t. Thus,
if « > & then A! = 0 and from Equation (12) we have that:

Y=(0+a)E+A"-A™ (16)

as T > 77 we can rewrite it as follows:

M 1
Y=(1+a)E+ /(‘P? — W) gyda + / (W) —wh) — (U7 — 0)) gpda, (17)
7T M

but from the properties of ¥.(e) and ¥, (e, ) then (¥" — ¥t) > (¢™ — g™ =
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