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Abstract

This paper looks at the efficiency implications of differences in sec-
ondary school design. The key aspect we focus on is the degree of differ-
entiation between vocational and general education. Using a simple model
of endogenous job composition, we study the interaction between relative
demand and relative supply of skills and characterize efficient school de-
sign by a government which runs schools and cares only about total net
output.

We show that neither a comprehensive nor a stratified system unam-
biguously dominates the other system for all possibile values of the un-
derlying parameters. Using numerical solutions, we show that efficiency
does not necessarily require perfect sorting of graduates to jobs. We also
show that government policy is not always supported by majority voting.
When schools are stratified, majority voting could increase the elitist na-
ture of general schools by rising the admission standard above efficient
levels. At the same time, and depending on the values of the underlying
parameters, efficient stratified schools could be voted down in favor of less
efficient comprehensive schools.

*We are grateful to audience in Padova for detailed comments and to Kenn Ariga and
Alison Booth for suggestions. Part of this work was carried out while the first author was
ECASS visitor at Essex University, that provided an excellent research environment. The
usual disclaimer applies.



1 Introduction

Economists recognize the importance of schooling for the produc-
tion of human capital, which, in combination with other production
factors, affects output per head and ultimately economic well being.
One reason why an adequate supply of educated workers is impor-
tant is that it stimulates the demand for skill intensive technologies
and skilled labor. As argued recently by Acemoglu (2000), the adop-
tion of new technologies is an endogenous process that responds to
economic incentives. One such incentive is the relative abundance of
educated labor, that makes the implementation of innovations more
profitable. First, educated labor is more flexible. Second, when a
new product or process is introduced, there is more to be learned and
a greater premium to be reaped from the superior signal extraction
capability of educated labor (Bartel and Lichtenberg (1987)). Ed-
ucated workers can also substitute for expensive company training
when a new technology is introduced (Bartel and Sicherman (1998)).
Last but not least, because of the increased uncertainty at times of
rapid technical change, better educated workers are better at coping
with this uncertainty (Aghion, Howitt and Violante (2000)).

It almost goes without saying that the supply of educated la-
bor depends not only on the average number of years spent at
school by the active population but also on school quality and on
the way education is organized. Interestingly, educational systems
differ greatly across countries. Consider secondary education. As
shown by Shavit and Muller (1998) and Green, Wolf and Leney
(1999), whilst some systems emphasize the development of specific
vocational skills, other systems focus on the provision of general
knowledge. In some countries (USA, Japan, Britain), general and

vocational education are combined in comprehensive schools. In



other countries (Germany and the Netherlands), there are different
tracks and students are streamed into tracks on the basis of their
academic talents.

As discussed by Muller, Ringer and Simon (1977) and Bertoc-
chi and Spagat (2000), this institutional variety in the design of
schooling systems is the outcome of complex national developments.
Institutions have also changed over time. In some countries, most
notably in Britain and Italy, equality of opportunity and a nega-
tive view of the selection criteria have been considered as the main
reasons behind the shift from a stratified system, with schools orga-
nized in different tracks, to a comprehensive system, considered to
be more suitable for the provision of better social opportunities to
students from working class families!.

An important question that, to our knowledge, has been over-
looked by the literature is whether differences in (secondary) school
design have relevant efficiency implications, and how these differ-
ences affect aggregate productivity and economic well being. If, for
instance, stratified schools are associated to higher efficiency than
comprehensive schools, transitions from the former to the latter mo-
tivated by equality of opportunity carry a real cost, that needs to
be considered.

Another question is whether we can rationalize shifts from strat-
ified to comprehensive systems, that have occurred in Britain and
Italy during the 1960s, as outcomes of a democratic process involv-
ing majority voting. The current paper addresses these questions
by focusing on a key aspect of secondary school design, the degree
of differentiation between vocational and general education. Follow-
ing the definitions by Bertocchi and Spagat (2000) and Shavit and

Muller (1998), vocational education is directly related to specific

ISee Reynolds (1987) and Weeks (1986) for a discussion of the British reform, and Barbagli
(1974) for a study of the Italian reform.



occupations, with a curriculum devoted to learning practical skills.
General education, instead, provides basic knowledge that can be
used in many occupations.

Given the complexity of national schooling systems, we are aware
that our focus on secondary education overlooks important differ-
ences in the design of tertiary education. Lower and upper sec-
ondary education, however, still represents the most frequent highest
completed degree in developed countries. According to the OECD
(1998), the percentage of the population with 25 to 64 years of age
who in 1995 had an upper secondary degree as its highest completed
degree was 53% in the US, 54% in Britain and 61% in Germany.
Therefore, secondary schools remain of paramount importance when
discussing the economic implications of school design.

We start by characterizing the main features of stratified and
comprehensive schools. In so doing, we assume that schools pro-
vide both human capital and signals to firms, that cannot observe
individual talents. Next, we use a version of the simple endogenous
job composition model discussed by Acemoglu (1999) to study the
interactions between school design and the demand for high school
graduates. To sharpen our focus on these interactions, we ignore
the issues related to school finance and assume that all secondary
schools are public, a reasonable approximation of reality.

A key difference stressed in the paper is that, while comprehen-
sive schools admit all individuals, independently of their ability,
stratified schools stream them into different tracks, depending on
measured academic ability. When secondary schools are public, the
government decides both school design and the allocation of stu-
dents into different tracks. Assuming that the government cares
only about (matching) efficiency, we establish the efficient selec-
tion criteria in a stratified system and spell out the conditions that

make a stratified system preferable to a comprehensive system on



efficiency grounds.

In the long run, government decisions in democratic countries
need to be sustained by the approval of the majority of voters. We
compare net output maximizing government policy with a policy
dictated by majority voting, where each household in the economy
decides sequentially both on the schooling system and on selection
in stratified schools. We show that majority voting can lead to
substantially different outcomes. First, the relative size of vocational
schools in a stratified system can be higher than the efficient size,
a result found also by Bertocchi and Spagat (2000). Therefore,
majority voting imparts an ”elitist” bias to stratified schools, by
reducing the relative size of general schools. Second, comprehensive
systems can be preferred by voters even though stratified systems
are more efficient. This latter result provides a rationale for the
British and Italian experiences of the 1960s.

The paper is organized as follows. Section 2 sets up the model.
Sections 3 and 4 study stratified and comprehensive schools. Ef-
ficiency is examined in section 5. The next section illustrates the
main properties of the model by presenting some numerical exam-
ples. Section 7 discusses majority voting and section 8 looks briefly
at the implications of having endogenous growth. Conclusions fol-

low.

2 The Model

2.1 Setup

Consider an economy with a mass of risk neutral individuals and
a mass of risk neutral firms. Each individual lives for two periods.

In the preliminary period, she attends school. In the second and



last period, she matches with a firm, produces, gives birth to an off-
spring and retires. Following Acemoglu (1999), firms in each period
choose which job type to offer and search for suitable workers. The
choice of job type is costless but the posted vacancy carries a sunk
cost, that varies both with the type of job and among firms. To
focus on the design of secondary education, we assume that there
are only secondary schools and ignore both tertiary education and
dropouts. Secondary schools are attended by all individuals, a rea-
sonable assumption for developed economies, either because these
schools are partly compulsory or because the expected net return
from post-compulsory education is assumed to be positive?.

Secondary schools can be either stratified or comprehensive. Strat-
ified systems are composed of vocational and academic schools, and
pupils are allocated to school type on the basis either of an admis-
sion test or of their performance in primary schools®. Selection to
academic tracks is based on academic abilities. Define vocational
schools as V schools and general (academic) schools as G schools.
While vocational schools specialize in technical education, academic
schools specialize in the development of general education. Com-
prehensive systems (C schools), on the other hand, do not stream
individuals into separate tracks and provide pupils with both tech-
nical and general education®.

In the simple economy discussed in this paper, schools have two
purposes, to increase the human capital of pupils and to provide
signals to the labor market. These signals are useful because in-
dividuals differ in their innate talents, that affect production but

are not observed by firms. Since admission to G schools in stratified

2With this assumption, our analysis is limited to partial equilibrium.

3 Green, Wolf and Leney (1999) describe the main differences in admission rules among
European countries.

4When tracking exists, it is limited to a restricted subset of subjects, as in the case of US
comprehensive high schools (see Epple, Newton and Romano (2000)).



systems is based on a test, these schools provide better signals about
average ability than comprehensive schools, where admission is in-
dependent of individual ability. It is an open question whether strat-
ified schools are better than comprehensive schools in the provision
of human capital. According to Bedard (1997), stratified schools
have the advantage of specialization and can increase vocational
and general skills at a higher pace than comprehensive schools, that
teach both types of skills at a lesser pace. While stratified schools
separate ability groups, comprehensive schools mix them. The value
of grouping (peer effects) versus mixing ability groups is very much
debated and the empirical evidence is not conclusive (see Betts and
Shkolnik (2000) for a review). If mixing yields better aggregate re-
sults than grouping, comprehensive schools could turn out to be
relatively more efficient in the production of human capital than
stratified schools.

Assume that individuals differ both in academic ability o, where
f01 da = 1, and in vocational / technical ability 8, where fol dg = 1.
These abilities are not necessarily independently distributed among

individuals. A characterization of correlation between abilities is
B = (1—AN)v; + A (1)

where fol dy =1 and ) € (0,1). The component ~ is orthogonal to
academic ability. With uniform distributions, Cov(a, 8) = 3.

As mentioned above, allocation to G schools in a stratified system
is based on an academic test. The test needs not be a formal exam,
but could be orientation and screening of students by primary school
teachers. Let the pass standard be 4. Individuals admitted to G
schools have a test performance 6; at least as good as the standard.
Performance in the test depends both on academic ability and luck.

Therefore, the test is noisy and the outcome reflects this noise®.

°The relevance and size of testing errors in admission tests are discussed in detail by Allen



Luck has the following simple structure. Individual performance is

6; = a; + ¢ with probability x and 6; = o; — ¢ with probability 1 — y.

The less precise the test, the higher the probability of assigning
individuals with low academic ability to G schools and individuals
with high academic ability to V schools. The higher the positive cor-
relation of technical and general abilities, the more likely the assign-
ment of individuals with relatively high vocational talents to general
rather than to vocational schools. Clearly, these shortcomings of the
selection process reduce the relative advantage of stratified schools
over comprehensive schools.

Schools are public and are run by the government, that can use
non distortionary taxation to finance the costs of education. We
ignore the important issues associated to school finance and income
distribution by assuming that these costs are equal to zero®. The
government has only two choices to make. First, it must choose
between a stratified and a comprehensive system. Second, and con-
ditional on the choice of a stratified system, it selects the appropri-
ate admission standard to G schools in order to maximize total net
output in the economy. In so doing, the social planner takes into
account, the fact that the design of the schooling system will affect
human capital in the economy and the composition of jobs offered
by firms.

In this simple setup, all the decisions about schooling are taken
by the government. We allow individuals to have a voice, however,
by asking in a later section whether they would support government
choices in a democratic setting based on majority voting. Individual

voting is assumed to involve both the education system and, when

and Barnsley (1993) and are considered by Reynolds (1986) as one of the reasons for the
demise of the secondary modern - grammar school stratified British system.

6Nothing of substance changes in the rest of the paper if we introduce positive tuition fees
that do not vary with the type of school. See De Fraja (1999) for a review of the issues related
to school finance.



the system is stratified, the admission standard. The higher the
standard, the more ”elitist” the G school sector.

Turning to the demand side of the model, firms are allowed to
choose between two types of job, the V and the G type. This choice
occurs at the beginning of every period, given the existing supply
of school graduates and the current vintage of technologies. While
technical progress in each period updates this vintage, school cur-
ricula can only be based on the previous vintage. The sluggishness
in the adjustment of school curricula implies that technical progress
has two effects (see Galor and Moav (2000) and Gould, Moav and
Weinberg (2000)): a productivity effect, that increases the produc-
tivity of each job; and an erosion effect, that depreciates the human
capital produced by schools. Depreciation is faster the higher the
rate of technical progress and the more specialized is the production
of human capital at school.

We posit that erosion is faster when human capital is produced
by vocational schools in a stratified system than when this capital
is generated either by general (G) or by comprehensive (C) schools.
One reason for this is that...” where the occupation - specific com-
ponent of vocational education is large, graduates have few trans-
ferrable skills, and can only cash in on them by transforming them
into the corresponding occupations in the labor market..” (Shavit
and Muller (1998), p. 5). General skills, instead, endow individu-
als with higher flexibility and versatility. Let the rate of erosion be
equal to g, the rate of technical progress. Since it is relative erosion
that matters, we assume this rate to be positive for accumulated vo-
cational skills and equal to zero for the human capital accumulated
in general or in comprehensive schools.

Let the number of firms be given and normalized to 1. The
endogenous number of V jobs is F € (0,1). While jobs of type V

require vocational skills and talents, jobs of type G require general



(academic) skills. Output in each job depends on human capital.
When schools are stratified, firms with a V job can employ either a
V or a G graduate. With specialization, the former graduate is more
productive in a V job, but the latter graduate has the advantage of
being more flexible and to be effective in both types of job. The
difference in productivity between the two types of graduates in a
V job can be interpreted in terms of training costs born by the
firm: hiring a G graduate for a V job requires that the firm invests
in additional training to compensate for this difference. On the
other hand, firms offering a G job can only employ a G graduate,
because the productivity of a V graduate in the job is equal to zero.
This characterization captures in a sharp way the lack of flexibility
associated to vocational training”. When schools are comprehensive,
firms offering either type of job are indifferent between graduates,
who come all from the same type of school.

With frictions, job offers are not immediately satisfied and real
resources must be spent in the matching process. The simplest way
to capture this is to assume that firms offering jobs in each period
have to sink a nonzero fixed cost. This cost could be justified ei-
ther with the choice of productive capacity (see Acemoglu (1999))
or with the cost needed to open and advertise a vacancy (see Pis-
sarides (1990)). Since jobs must be created before a match occurs,
employers must choose ex-ante the type of job they want to offer.

Because matching is time consuming and workers only live a sin-
gle period, there are no opportunities of a second match during a
worker’s lifetime. Moreover, there is no learning by firms about in-
dividual abilities. When schools are stratified, firms can use school

type to infer the expected academic and technical ability of gradu-

TAs argued by Bedard (1997), there is a trade off between faster learning associated to
streaming and the rigidity imposed by early streaming. Our results would not change in a
qualitative way if we were to assume that the productivity of V graduates in G jobs is positive
but lower than the productivity of G graduates.



ates. This is not possible, however, when schools pool all abilities
in a comprehensive setup. Wage setting occurs after the match has
been struck. Since fixed costs have already been sunk and bygones
are bygones, workers and firms share rents and wages are gross out-
put shares.

The sequence of events in this economy is as follows: first, either
the government or a democratic voting mechanism choose between
stratified and comprehensive schools. When streaming is chosen,
the admission standard is selected. Next, individuals in a stratified
system sort into school types or join the same school in a compre-
hensive system. After schooling is completed and technical progress
has occurred, firms choose job types and sink setup costs by taking
into account both the latest vintage of techniques and the composi-
tion of graduates by school type. Therefore, the composition of jobs
into ”"vocational” (type V) and ”general” (type G) is endogenous
and depends on the relative supply of graduates, that varies with
the design of the school system?®. It also depends on the rate of tech-
nical progress g. Finally, wages are set and production occurs. As
usual, we characterize the equilibrium and its properties by starting

from the last decision and by working our way backwards.

2.2 Wages

Consider first stratified schools and define the human capital of V
graduates either as Hyy or as Hyg, depending on whether they are
employed in a V or in a G job. Similarly, the human capital of G
graduates also varies with the type of job and is Hge in a G job and
Hgy in a 'V job. Output per head at time ¢ is the product of the

productivity index A, and individual human capital.

8 Models where job composition is a function of the supply of skilled labor are surveyed by
Acemoglu (2000) and Aghion, Caroli and Penalosa (1999).
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With steady growth, A; = (1 + g)!A4;, i = V,G. It is reasonable
to assume that G graduates are more productive in a G than in
a V job (AgHge > AvHgv). On the other hand, V graduates are
less versatile than G graduates, because their skills are geared to a
specific occupation and/or machine. Lack of versatility is modeled
here by assuming Hy¢ = 0. This implies that G graduates are always
better at G jobs than V graduates. On the other hand, V jobs can
be filled by both types of graduates and either V graduates are
better at V jobs (Hyv > Hey) or G graduates are better at both
jobs (absolute advantage). In the former case, specialization implies
that firms offering a G job will search for a G graduate and firms
offering a V job will search for a V graduate. In the latter case, all
firms prefer G graduates. Since these graduates are more productive
in G jobs, however, because AcHgg > Ay Hgy, firms offering V jobs
have to make do with V graduates unless there is an excess supply
of G graduates with respect to G jobs’.

Profits gross of sunk costs in job V are

movi= (14 g)" Ay Hov—weve (2)
when the job is filled by a G graduate and

mvve = (14 9)' AvHyy — wyvy 3)

when the job is filled by a V graduate. Here, w is the individual

(real) wage. Profits gross of sunk costs in job G are

mact = (1+ 9)"AgHge — waet 4)

9In principle, firms with V jobs could try to attract G graduates by offering higher wages.
They realize, however, that firms with G jobs can offer even higher wages, because AgHgq
> Ay Hgy.
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when the job is filled by a G graduate and 0 otherwise.

Wage bargains takes place after a job match between graduates
and jobs has occurred and the fixed cost has been sunk by firms.
With only one period, there are no economic separations. With
no other opportunity to match, the outside option is the value of
leisure, that we normalize to zero. Outside options for firms are
also normalized to zero. Letting the bargaining power be 1, wages

_ (49)'AcHca (1+9)' Av
- 2 2

are respectively wge: Heve and wyyy =

(+9)'AvHyy,
; )

yWagve =

Next consider comprehensive schools. With a comprehensive sys-
tem, graduates have the same human capital in V and G jobs and
can be employed indifferently in either type of job. Profits in these

jobs are

move = (1+9)'AvHe —weove

Tecar = (1+9)'AcHe —weet (5)

oA . .
and wages are wg;;, = AT Gy G

2.3 Firms

Each period, firms choose job types and match these jobs with new
school graduates. When schools are comprehensive, each firm can
match with certainty with a graduate in each period. When schools
are stratified, however, the probability that a firm choosing job type
V matches with a V graduate depends both on the share of V grad-
uates ¢ and on the share of firms offering V jobs, F. With random
matching, the probability of filling the vacancy with a V graduate
is p=4% when 6 < F and p =1 when 6 > F. On the other hand, the
probability of filling the same vacancy with a G graduate is equal
respectively to 1 —p and to zero. Turning to G jobs, the probability

12



of matching a G job with a G graduate is ¢ = +=2when ¢ > F and
g =1 when § < F. When the firm offering a G job cannot find a
match with a G graduate, the job remains unfilled.

Suppose for a moment that the government sets ¢, the share
of V graduates, to exactly match the share of V firms, F (perfect
sorting). This happens if the government correctly anticipates both
the decision taken by firms and the bargaining game between firms
and employees. In these circumstances, each firm selects to offer a
V or a G job depending on relative (expected) profits.

The expected (net) profit of setting up a job of type V is

H
Ermyy = (1+g) <AV% - CVi) (6)

where cy; is the fixed cost of a type V job for firm 4, that must be sunk
before the matching takes place. Notice that we have multiplied the
setup costs by the growth factor (1+ g)’, to ensure that these costs
are not wiped away by economic growth, a necessary condition for
the existence of a steady state solution (see Pissarides (1990)).

Similarly, the expected profit of setting up a job of type G is
H,
Ergu = (1+g)" (AG% - CGi) (7)
where cg; is the fixed cost of type G jobs for firm i.

Indifference between the two jobs is given by

_ _ AgHgg — AvHvy
Os = cCqi—Cvi= 5 (8)

Firms with relative costs lower than or equal to o, will choose to
offer G jobs and firms with relative costs higher than o, will choose
to offer V jobs. Let ¢y = ¢y, so that firms share the same setup costs

for type V jobs, and assume that the distribution of c¢g; be uniform

m1
—dCGi:1 9
/077 (9)
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In this case the share of firms offering V jobs is
n—cv _ _
F— / lchi _h-wv 9% (10)
o n n
It follows that the relative demand of V and G jobs depends on the
human capital accumulated at school by new labor market entrants.

This capital depends on school design, to which we now turn.

3 Stratified Schools

Individuals are allocated to academic tracks in a stratified system if
they pass an admission test. When the test is not very precise, indi-
viduals with relatively low ability can pass the test while individuals
with relatively high ability can fail. Expected academic ability for
those who pass the test and are allocated to G schools is

1+6  &£(1-2x)
) + 5 (11)

On the other hand, the expected ability of those who fail is

Ela|6; >0 =

Elo| 6 <6)=24 80220

5 5 (12)

Since Ea | 6; > 0] > Efa| 0; < 6], the admission test is informative

about the average ability of graduates of each school. Notice that
an increase in the standard ¢ rises the expected academic ability of
either group (see Betts (1998)).

When technical ability 3 is positively correlated to academic abil-
ity a, an admission test based upon academic ability introduces a
further distortion by allocating individuals with relatively high 3
to G schools (see Bedard (1997)). In particular, expected technical
ability is

140 A(1-2
+ +5( X)

Blp16:>0 =5 ;
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for those who pass and

1-M1-6) , A(1-2()

B30 <6 = —3 >

(14)

for those who fail the test.

The larger the positive correlation between tested academic and
untested technical abilities, the lower the expected technical ability
of graduates from V schools. The reason is that individuals endowed
with both relatively high a and g are allocated to G schools'’. No-
tice that E[3]6; > 0] > E[3 | 0; < 0] if the two abilities are positively
correlated.

Expected ability is independent of luck ¢ if x = 1. In the rest of
the paper, we shall assume this to be the case. This is equivalent
to assuming that luck affects only individual allocation to school,
with no consequence for the average ability signalled by stratified
schools!!.

Schools not only select students by academic ability but also pro-
vide skills. Education augments innate talents. School V increases
the vocational skills (talents) of admitted students by a factor ¢ > 1.
Similarly, school G increases the general skills (talents) of admitted
students by a factor § > 1. These increases in human capital, how-
ever, can only be used productively in the right jobs. Moreover, the
human capital accumulated in V schools depreciates at the rate g,
the rate of technological progress. Faster growth means faster devel-
opment and introduction of new machines and techniques, and more
rapid depreciation of existing vocational skills, that need upgrading

and additional on the job training!?.

10See Brunello and Giannini (1999) for a discussion of the problems associated to testing in
the presence of multiple abilities.

HRemoving this assumption would complicate the algebra and add an additional distortion
to the working of stratified schools.

12See Aghion, Howitt and Violante (1998) and Caselli (1999).
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If a V graduate works in a type V job, that requires vocational
abilities, her human capital is the product of her expected techni-
cal ability, E[3]6; > 6], and the factor §(1 - g), that measures the

accumulation of human capital at school. Therefore we have

A1 6)
2

Hyv =8(1—g)E[B|0; < 6] = 62— (1-g) (15)

If the same graduate works in a G job, depreciation is so large
that her human capital is equal to zero. The human capital of G

graduates is given by

1+ X0
2

Hgy =6(1-v)E[B]6; > 6] =6(1-v) (16)

Hog = 8E || 6; > 0] = 51%9 (17)
where v € (0,1) is the productivity loss of G graduates in V jobs
(v =1 for V graduates in G jobs). Under the assumption that the
government sets the size of the V school sector to exactly match the
percentage of V jobs in the economy, F, the critical value o is given
by
1+6 1—M\1-6)

1
Og = 5 (5A(; 2 — (5(1 — g)AV 2 (18)
Using the fact that
Fog=t1"9%v"9
n

we obtain the admission standard ¢ that guarantees equality of rela-
tive demand and relative supply'®. Straightforward differentiation

yields

eze(gzi‘aéa G:AV) (19)

13Since wages are set by ex-post bargaining and there is no recontracting, there is no price
mechanism clearing the labor market.
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Admission to G schools in a stratified system is tighter the slower
is technical progress, the lower the correlation between ability types
and the lower the rate of accumulation of human capital occur-
ring at school. One implication is that an acceleration of technical
progress reduces the admission standard and the relative importance
of vocational schools relative to more general education'*. A second
implication is that a relative productivity shift that favors V jobs
(4% increases) increases both the expected share F of firms offering

V jobs and the percentage of slots available in V schools.

4 Comprehensive schools

Compared to stratified schools, comprehensive schools admit all can-
didates and do not differentiate by (academic) ability. Since human
capital formation involves both academic and vocational skills, a
disadvantage of comprehensive schools is that the rate of accumu-
lation of these skills is slower than in stratified schools (see Bedard
(1997)). Therefore, these schools provide more flexible training but
lack the relative advantage of specialized instruction. This disadvan-
tage could be compensated, however, if mixing ability types turns
out to be more effective than grouping types in the production of
human capital. Let the differential in the rate of accumulation be-
tween school types be captured by the parameter p. This rate is less
than 1 when stratified schools are more effective and higher than
1 when they are less effective than comprehensive schools in the
production of human capital.

Compared to stratified schools, an advantage of comprehensive
schools is that the skills learned in these schools can be used both in

type V and in type G jobs (higher versatility). Furthermore, these

MTindbeck and Snower (2000) discuss the relationship between technical progress and the
importance of general education in the context of organizational change.
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skills are subject to less erosion than vocational skills learned at V
schools when technical progress occurs. A disadvantage is that they
do not provide firms with an informative signal about individual
abilities. The human capital of graduates of C schools who are

employed in V and G jobs is respectively

Hey = poB(8) = & (20)
Hee = pdE(a) = %6 (21)

The share of firms offering type V jobs when schools are compre-

hensive, F., is

n—Cy —0¢
F, = 22
p (22)
where
Az — A
o = i oy, — Ao Av)pb (23)

2

Finally, net output in an economy where schools are comprehen-
sive is

VYo

(1+9)

where the first two elements on the right hand side make up total

n(l-—F)?

_ A P pe,
= F. Ay 5 +(1 FC)AG 5 Fey 5

(24)

output and the last two elements add up to the total cost of setting

up the two types of job's.

5 Efficiency

An equilibrium in this model economy is defined by the following
sequence of events: given expected job composition and labor de-
mand, the government selects the schooling system and the admis-

sion standard. Expectations are based upon the decision rules used

15Recall that we have normalized to zero the cost of education.
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by firms, that are known to the government. Individuals are allo-
cated to schools and graduate; firms select the jobs to offer after
observing the average ability of graduates and the current menu of
technologies; matching occurs and wages are bargained over. Fi-
nally, production takes place with a job composition that is equal
to the composition expected by the government. In equilibrium,
expectations are fulfilled.

Assume that, when schools are stratified, the government sets
the admission standard ¢ to equalize the demand with the supply of
jobs. An important question is whether perfect sorting is efficient
and maximizes net output in the economy. To answer this question,

we first define net output when schools are stratified (NY;) and 6 = F
16

as

NYSL‘\O:F N 1+ F (]_ — g) n (1 _ F)2

W—(l—F)AG + FAy—— L= A1~ F)] = Fey - ———
(25)

Next we ask whether net output can be improved upon by increasing

or decreasing ¢ with respect to F. We consider the two possibilities
in order, starting from 6 < F.

A reduction in 6 has the following two effects: a) the average abil-
ity of both V and G graduates declines. Hence, aggregate human
capital decreases; b) the share F of V jobs is also affected. Intu-
itively, a decline in ¢ reduces the relative supply of V graduates in
favor of G graduates. The main consequence is that firms offering
V jobs are forced to face the possibility of having a G graduate fill a
V job. This affects the relative profitability of V jobs and the equi-
librium share of V jobs, that is now determined by the following

condition

AgHge — LAvHyy — (FEQ) Ay Hgy
2

(26)

Oslo<F = CGi — Cvi =

16From this section onwards, we ignore time subscripts when unnecessary.
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because each firm offering a V job can fill this job with a V graduate
with probability £. It is shown in the Appendix that the share F
varies with the academic standard ¢ as follows

OF _AvHgy — AvHvy + F [Ac —Av(1—g)\ &
00 AVHGV - AVHVV — 2’17F

(27)

This derivative can take either sign. It is positive when the dif-
ference between the human capital of G and V graduates is large in
absolute value and negative when this difference is relatively small.
Using the subscript E to denote net output when 6 < F, an equi-
librium with an excessive supply of G graduates improves on an
equilibrium with perfect sorting when

ANY

L =(1—-F)A¢(Hgge — Hag) + [A¢Hgge — AvHavEe|(F — Fr)

+Ayv(Hgve — Hyv)F — AvOg(Hove — Hyve)

(F - Fr)ey — 3(1 — Fp)?+ g(l —F)2>0 (28)

The first element in the right hand side of the above equation is
negative and is the efficiency loss associated to the reduction in the
average academic ability of G graduates. The second element can
take either sign, depending on whether the share of firms offering V
jobs increase or decrease; the next two elements are both positive if
the human capital of G graduates in V jobs, evaluated at a lower 6,
is higher than the human capital of V graduates in the same jobs.
The remaining terms are the changes in total fixed costs associated
to changes in the number of firms offering V jobs. Depending on
the values of the underlying parameters, the overall sign can be

positive or negative. A necessary but not sufficient condition for a
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net output gain when ¢ < F is that G graduates have an absolute
advantage over V graduates in both types of job. In this case, the
social planner can find it efficient to increase the relative supply of
G graduates above the share of G jobs.

Next, consider the case § > F. Compared to the previous case,
when signalling is informative an increase in ¢ raises the average
ability of both V and G graduates. Hence, aggregate human capital
increases. The share of V jobs is also affected. With random match-
ing, an increase in ¢ reduces the relative supply of G graduates in
favor of V graduates and firms offering G jobs must consider the
positive risk of having their posted vacancy unfilled, because the
lack of flexibility and adaptability of V graduates implies that these
graduates cannot productively be employed in G jobs. As before,
this affects the relative profitability of G jobs and the equilibrium
share of firms offering these jobs, that is determined by the following

condition

L AGHGe — AvHyy
Os|lo>F = C@i — Cvi = D) (29)

because each firm offering a G job can fill it with a G graduate with
probability 1=£. We show in the Appendix that in this case the
share of firms offering V jobs, F, is an increasing function of the
academic standard ¢. Using again the subscript E to denote net
output when ¢ > F, an equilibrium with an excessive supply of V
graduates improves on an equilibrium where the demand and supply
of types exactly match when

ANY
(1+g)*

=(1-F)Ac¢(Heer — Hae) + AcHaar(F — 0g)
+Av(Hyve — Hyv)F + Ay(Fg — F)Hyve

+(F — F)ey — 3(1 —Fp)?+ g(l —F)2>0 (30)
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The first element in the right hand side of the above equation
is positive and is the efficiency gain associated to the increase in
the average academic ability of G graduates. The second element is
negative and is the output loss associated to unfilled G jobs. The
next two elements are both positive and measure the relative gain of
having graduates with higher average academic quality. As before,
the remaining terms are the changes in total fixed costs associated
to changes in the number of firms offering V jobs. Once again, and
depending on the values of the underlying parameters, the overall
sign can be positive or negative. A positive sign requires that the
gain associated to higher academic ability be larger than the cost
of having unfilled job slots. In this case, it is efficient for the gov-
ernment to restrict access to G schools and to have ¢ — F unfilled
vacancies and unemployed V graduates.

In the next section, we present three examples that illustrate the
possibility of having efficient equilibria with ¢ = F, § < F and 6 > F.
We also compare these equilibria with equilibria with comprehensive

schooling.

6 Numerical examples

We illustrate the outcomes of the model by assigning numerical val-
ues to the parameters and by computing numerical solutions. In the

first exercise, we set parameters as follows

6=1.2 A=01 ¢y=02 n=1 p=095 6(1 v)=1
AG:AV:]. 92005

Therefore, we assume that mixing abilities is less productive that
separating them (p < 1). Moreover, productivity levels do not differ

across jobs and the distortion induced by admission tests is small
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(A =0.1). Assuming that the government sets 6 = F , we obtain the

following equilibrium

Hoo — 957 Hov — 529 Hyy — 547
F,=.595  NY, =.5376
F, =08 NY, = .4100

We find that a stratified system yields higher net output than
a comprehensive system. Moreover, either reducing or increasing 6
with respect to F does not improve net output in a stratified system.
When ¢ = 0.5, we find that F = 0.571 and NYp.r = .4530. When
0 =0.6, F =0.597 and NY,j¢-p = .510. Larger increases or decreases in
¢ do not change the ranking of equilibria. In this example, efficiency
requires that the central government selects a stratified system with
perfect sorting.

Next, we modify some of the parameters by increasing both the
distortion induced by the admission test in a stratified system and

the relative productivity of comprehensive schools:

X=050 p=1.06

Not surprisingly, we obtain

Hgg =933 Hgy =.638 Hyy = .443
Fy = .555 NY, = 4737
F, =03 NY, = .4788

In this example, net output is higher in a comprehensive system
than in a stratified system. As in the previous case, the govern-
ment cannot improve the outcome of the stratified system either by
increasing or by reducing ¢ with respect to F. It turns out that,
when 6 = 0.5, net output is equal to 0.4596; when 6 = 0.6, it is equal

to 0.4634. Both values are lower than the value of net output when
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6 = F. Again, larger changes in § do not modify the ranking of
equilibria in terms of efficiency.

Interestingly, a deceleration in the rate of exogenous growth g
from 5 to 1% is sufficient to increase net output in stratified schools
above net output in comprehensive schools. Hence, the relative
efficiency of alternative school types can vary with changes in the
rate of technical progress.

In the third example, we alter the values of the parameters to
obtain an efficient equilibrium with stratified schools and ¢ < F. In
order to do so, we need to increase the gap between human capitals
Hgy and Hyy. This is done by assuming that the erosion of V skills
is much faster, at the rate ¢g = 0.35, while the rate of technical
progress remains at g = 0.05 (¢ = 7). We also set A = 0.7. We find
that, when the government sets ¢ = F, the share of F firms is 0.48
and net output is 0.367. The government can do better, however,
by choosing 6 = 0.47, which implies F = 0.49 and NY = 0.372.

In the final example, we use the same values assigned to the
parameters in the second example but increase the relative produc-
tivity of V jobs with respect to G jobs by setting Ay = 1.1 and
Ag = 0.7. When the government chooses perfect sorting, we find
that F = 0.709 and NY, = 0.4248. The government could do better
than this, however, by pushing 6 towards unity'”. When 6 = 0.95, the
equilibrium share of V firms increases to 0.90 and net output turns
out to be equal to 0.4266, higher than with perfect sorting. By so
doing, average human capital of V and G graduates increase respec-
tively from 0.555 to 0.611 and from 0.718 to 0.819. The real cost of
this increase is a 5% unemployment rate, that affects V graduates,
who cannot be gainfully employed in G jobs'®.

These examples suggest two things. First, neither the stratified

17 Stratified schools require that @ be strictly less than 1.
18 An alternative set of values of the parameters that yield an internal solution to net output
maximization with 8 > F'is

24



nor the comprehensive schooling system discussed in this paper un-
ambiguously dominate the other system. Dominance is restricted to
particular subsets in the space of parameters, and both systems can
be superior in efficiency terms. Second, when schools are stratified,
the most efficient policy is not necessarily to match the relative de-
mand of jobs with the relative supply of graduates. Depending on
the values of the parameters, the government can do better either by
increasing access to G schools or by pursuing an elitist policy, with
a small share of G graduates and a nonzero rate of unemployment

of V graduates.

7 Voting on admission tests and school-
ing systems

So far we have assumed that the government chooses both the stan-
dard for admission to general schools and the schooling system to
maximize net output. In a democratic system, however, important
decisions about educational policy need the support of voters. The
question then arises whether the decisions taken by the government
can be supported by the majority of voters, who vote on government
policy in an uncoordinated fashion, by taking the behavior of the
other voters and of the rest of the economy as given.

In this economy, there is a finite number of households, each
consisting of a parent and an offspring. In each period, the parent
is employed in a V or in a G job and the son goes to secondary

school. Preferences are linear in income and the discount factor is

5—12 X=08 cy =045 n=1
Ag=07 g=005 Ay=1 s(1—v)=1

We obtain § = 0.41 > F' = 0.4 and NY = 0.11236. Imposing the restriction § = F' reduces
net output marginally to NY = 0.11233.
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normalized to 1. With innate abilities and no monetary costs of
education, each parent votes on the schooling system by considering
the expected income of her offspring!®. Voting is not coordinated
in the following sense: each parent knows the innate talents of her
offspring and votes both on the admission standard and on school
design (stratified versus comprehensive) by taking both the votes of
the other households and the composition of jobs in the economy
as given. By so doing, she ignores the spillover running from school
design and the aggregate supply of graduates to the job decisions
taken by firms. This spillover is fully internalized by the social plan-
ner. Failure to internalize the spillover suggests that the outcome of
majority voting needs not deliver economic efficiency.

Households vote first on the design of schooling (stratified or com-
prehensive). Conditional on the choice of a stratified system, they
vote on the admission standard. As usual, we start from the sec-
ond choice. Consider the following hypothetical sequence of events:
a) the government chooses both a stratified schooling system and
perfect sorting, with ¢ = F < 1; b) the current generation goes to
school with the selected system, graduates and in the next period
is allocated to V and G jobs; ¢) the offspring is born and goes to
school.

Suppose that parents are asked to vote on the schooling system
before their offspring start school. The first question is whether
there would be a majority of households in favor of marginally in-
creasing 0 to §*, above the level set by the government in the previous
period. We can distinguish voters in three groups. The first group
is composed of households whose offspring has academic ability less
than or equal to ¢; the second group includes households whose off-

spring has ability higher than or equal to 6* ; the last group includes

Bertocchi and Spagat (2000) include also social status in the preferences of parents, that
we ignore in the current setup. See DeFraja (1999) for a detailed discussion of preferences
when households vote on educational policies.
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the ability range 0* — 0.

Recall that households vote before the schooling of their offspring
takes place and by considering F as given. Starting from the former
group, the offspring of these households are not affected in their
schooling and are expected to go to V schools under both admission
standards. Ignoring time subscripts, the expected utility of a V
graduate belonging to this group, Uy, is

0

UVZF

Wyy (67) (31)

For this group, an increase in ¢ has the advantage of raising the
average expected ability of each graduate and the disadvantage of
producing an excess supply of V graduates, who cannot be produc-
tively used in G jobs. Starting from ¢ = F, a marginal increase in
reduces expected utility?’. Therefore, the households in this group
vote individually against a tightening of the standard.

Next consider the second group. Individuals in this group expect
to be assigned to G schools even after the increase in the admission

standard. Since their expected utility
Ug = Wae(07) (32)

is strictly increasing in the admission standard 6, their parents will
vote in favor of a tighter standard.

Finally, the third group is composed of the marginal individual
who is expected to shift school (from G to V) as a consequence of

the tighter standard. This group is worse off if

%va(e*) < Wea(0) (33)

It follows that, when 6 is set by the government at a value lower
than § and equal to the share of V jobs, F, there is always a ma-
jority of voters (the second group) who vote in favor of marginally

20 8Uy
000y = 80 [(1—g)A— &1 —g)(1—A1-06%)] <0.
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increasing the admission standard. When 6 = 1, further increases
are turned down by the first group of households.

The next step is to consider whether there is a voting majority in
favor of marginally reducing 6 to 6~, below the value § = F set by the
government. As before, we classify households in three groups: a
first group, of dimension 6, whose offspring is expected to remain in
V schools independently of the standard; a second group, composed
by individuals with academic ability higher than or equal to ¢, who
remains in G schools; a third group, composed of the marginal indi-
vidual who shifts from G to V schools because of the lower standard.
The expected utility of the former group is Wy (67), an increasing
function of the standard §. This group loses from a lower standard.

The expected utility of the second group is

1-6 1-6
Ug = Waa(7) + |1~ Wev (6~ 34
¢=T 5 aal )Jr[ N 9} av(07) (34)

because the lower standard, given the composition of jobs, implies
that some G graduates have to take up V jobs. We show in the
Appendix that this expression is increasing in 6~. It follows that
this group will also vote against a reduction in the standard. The
last group, composed of the marginal individual who shifts from a
V to a G school, will gain from the shift if

1-46
1-67

1-6-

Wy (6) < Wea (0 )+ |1 —

} Wov(07) (35)

We conclude that, when § = F and ¢ > 1, there are no voting

majorities in favour of reducing the admission standard marginally
below the level set by the government.

When majority voting leads to a change in ¢ above or below the
value set by the government to maximize net output, efficiency falls.

To illustrate, consider the first example in Section 6 and reduce
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from 1 to 0.5. The efficient outcome is § = F = 0.332, with net output
equal to 0.5591. When 6 is set to 3 by voters, F adjusts and increases
to reach 0.396 but net output falls to 0.5187, a 7.2% decline.

So far, we have assumed that it is efficient for the government to
set § = F. We have seen above, however, that the maximization of
net output could involve setting either < F or § > F. We show in
the Appendix that, without perfect sorting, there is always a voting
majority in favor of marginally increasing ¢ up to ; when 6 starts
from below %, but no majority in favor or reducing §. When the
initial value of ¢ is above 1 and G schools are ”elitist”, there are
voting majorities in favor of changes in 6 that equalize demand F
and supply 6.

We have also focused so far on marginal changes with respect to
the standard set by the government. While the majority of voters
could be against marginal changes, it could favor large changes,
that involve not a marginal voter but a substantial share of voters.
Suppose for instance that households are asked to choose between
a standard ¢ = F and 67 = ¢ +0.5. With the higher standard, half
of the population is bound to change from a G to a V school. If
changers are better off with this switch, a large increase in ¢ could in
principle succeed in winning the necessary support. Since, however,
the expected gain from the change, & Wy (6%) - Wee(0), is negative,
this possibility can be ruled out?'. Next consider the choice between
§ = F and & = 6 — 0.5. In this case the shift from V to G schools
generates a gain for school changers if (1—6) (Wga(07) + 2Wav (67)

> [1— 60+ 0.5 Wy, an unlikely occurrence given the sharp decline in

21 The gain is positive if

9%(179)[17/\]+9)\(1fg)>1+9

While the left hand side is less than 1, the right hand side is greater than 1 and the inequality
never holds.
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022,

We summarize results in the following

Proposition 1 If households are allowed to vote individually on the
admission standard in stratified schools and voting is about increases
or decreases in the standard, the selected outcome is at least as high
as %, depending on the initial value set by the government.

Corollary 2 When the admission standard in a stratified school
needs the support of majority voting, stricter standards are likely to
prevail over looser standards, even when looser standards are more
efficient.

Therefore, majority voting biases outcomes in favor of ”elitist” G
schools. Intuitively, this occurs because, when 6 is less than § and
G schools are not elitist, there is a majority of households who send
their offspring to G schools who would gain from an increase in the
standard, that raises average ability and human capital.

Households vote both on the admission standard, given that the
schooling system is stratified, and on the schooling system itself.
The key result in Proposition 1 above is that the admission stan-
dard supported by majority voting is at least as large as 1. This
implies that, when schooling is stratified and government policy has
to be supported by majority voting, at least half of the young gen-
eration should go to vocational schools. It follows that, when 6 is
strictly larger than 1, the choice between stratified and comprehen-
sive schools depends on the vote of the households whose offspring
ends up in these schools. These households will choose a strati-

fied system if the expected return from a V school is higher than

22 Consider for instance the first numerical example in the previous section. A reduction in
6 from 0.595 to 0.095 implies that the right hand side and left hand side of the inequality in
the text take on the following values: 0.195, 0.216. Therefore, the inequality is not satisfied.
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the expected return from a C school. This occurs if the following

conditions holds

Av(1—g)[1 - A1 —0)] > p[Ac + Fe(Av — Ag)] (36)
when 0 < F, and

TA-g) 1M1= 0)]> p[Ac + F(Av — Ag) (37

when 0 > F.

The above conditions are more likely to be satisfied the lower
the rate of growth of technical progress g, the lower the relative
efficiency of comprehensive education p, the more selective is admis-
sion to G schools and the lower the correlation between technical
and academic abilities A. To illustrate, consider the first numerical
example in Section 6. In that case, # = F = 0.595, the left hand side
of (36) is equal to 0.911 and the right hand side is equal to 0.95. In
this example there is a majority of households who would vote in fa-
vor of the comprehensive system, even though the stratified system

is more efficient. We summarize as follows:

Remark 1 When academic schools in an efficient stratified system
are "elitist 7 (0 > %), the outcome of magority voting could lead to
the establishment of a less efficient comprehensive system.

An implication of the remark is that reducing the admission stan-
dard is not necessarily the best way of supporting the existence of
stratified systems: by so doing, the expected return from vocational
schools also falls, and the majority of voters could be induced to
choose a comprehensive system. This result provides an economic
explanation for the shift of secondary schooling systems from strati-

fied to comprehensive observed in a some developed countries, such
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as Britain and Italy in the 1960s. In this paper, we have assumed
that talents are innate. If the development of academic talents de-
pends also on family background (Heckman (1999)), students from
working class families are more likely to end up in V schools than
students from wealthier families. In this case, less well off house-
holds could gain from a transition to a comprehensive system and
vote in favor of it despite the fact that a stratified system is more
efficient.

The shift in favor of comprehensive schools is more likely the
higher the rate of technical progress, the higher the distortion in-
duced by the admission test on the allocation of talents and the
less efficient are stratified schools with respect to comprehensive ed-
ucation. Therefore, technological progress, by rapidly eroding the
specialized skills acquired in vocational schools, works against strat-
ified systems and in favor of comprehensive education, that is more

versatile and less specialized??.

8 Growth

So far, we have assumed an exogenous rate of technical progress.
Following Galor and Moav (2000), we can endogenize g by assuming
that the rate at time ¢ + 1 be proportional to total accumulated
human capital H at time ¢. Since total human capital depends on
the rate of growth at time ¢, we obtain a nonlinear relationship

between g,,, and g;. Let

gr+1 = CHi(gt) (38)

where ¢ < 1 is a positive parameter, and consider an economy with

stratified schools characterized by perfect sorting of workers and job

23The relationship between versatile education, technical progress and the adoption of new
patterns of work organization is explored by Lindbeck and Snower (2000). See also the discus-
sion by Green, Wolf and Leney (1999) about the recent academic drift in secondary education.
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types. Total human capital at time ¢ in this economy is:

Hy(g:) = F(9:)Hyve + (1 — F(g9¢))Haat =

1-X1- F(g)) 1+F(gt)}

= F(g) [p1 2T gtﬂ (- F(g) [6 ! (39)

d(ey —n) +6Ac + 6Av(ge + A1 —ge) — 1)

Flge) = 0(ge) = Avor(l — 1) — 4y — 6Ag

The strong non-linearity of the first order difference equation
makes it difficult to study its behavior in a general way. As an
alternative, we illustrate how endogenous growth affects our simple
model by using the first numerical example described in section 6,
with the additional assumption that ¢ = 0.1. In this specific case,
the first order difference equation in the rate of technical progress ¢

becomes

9797 — 3884g, + 128747
(127 + 3¢9:)?

gt+1 = 0.1]1.2

This relationship can be drawn as a downward sloping line in the
phase plane (g:1,9:), that crosses the 45 line once, and exhibits a
unique steady state rate of growth, ¢*(¢), with dg* /¢ > 0 (see Figure
1).

Using a Taylor expansion in the neighborhood of ¢* one can
show that the steady state rate is locally stable for any ¢ € [0,1]
and that the dynamical path is characterized by a convergent os-
cillatory trajectory. It is worth stressing that along the transition
path the F = ¢ condition provides higher net output with respect
to the alternatives ¢ < F and ¢ > F. This example suggests that
economies starting from a perfect sorting equilibrium can converge,
under suitable values of the parameters, to a long run equilibrium

still characterized by perfect sorting.
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Figure 1: Cobweb Dynamics

The numerical solution yields g* = 0.071, NY = 0.540, 6* = F* =
0.59, where the stars refer to the steady state solution with en-
dogenous growth. Compared to the case of constant and exogenous
growth, g = 0.05, the dynamical path with endogenous growth in-
creases net output and reduces the selectivity of G schools. Net
output increases because the productivity effect, that affects all jobs,
prevails over the erosion effect, that affects only V graduates and
their skills. Since the higher erosion reduces the relative efficiency of
V schools, the relative importance of G schools increases and the ad-
mission standard to these schools falls. In a comprehensive system,
the growth rate g also depends on total human capital. Human cap-
ital, however, is not affected by growth. In our example, the value of
g when schools are comprehensive is 0.057, lower than the value ob-
tained with stratified schools, and net output is NY;* = 0.422, higher

than with exogenous growth.
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9 Conclusions

When governments choose between comprehensive and stratified
systems exclusively on the basis of economic efficiency, they must
weight the relative advantages and disadvantages of both systems.
Stratified systems trade the advantages of specialization and sig-
nalling against the disadvantages of producing skills with limited
flexibility and versatility. The economic benefit of signalling is also
reduced by the fact that academic tests are both incomplete and
sensitive to random elements. Comprehensive systems, on the other
hand, trade the relative advantage of providing higher versatility
against the relative disadvantages of poor signalling and limited spe-
cialization. Government choice is affected by the rate of technical
progress, because of the erosion effect on vocational skills learned in
V schools.

When the government chooses stratified schools and takes into
account the effects of school design on the endogenous composition
of jobs in the economy, it does not necessarily opt for perfect sorting,
that matches the composition of graduates by school type with the
composition of job types. Depending on the values of the parame-
ters, it could do better either by having less elitist general schools,
with graduates of these schools employed in jobs that require tech-
nical skills, or by having a very elitist system, with a percentage of
graduates from vocational schools trapped into unemployment.

Government choices are not necessarily supported by majority
voting. In an economy without liquidity constraints, the majority
of voters could be in favor of a more elitist academic school, when
schools are stratified, and could at the same time prefer comprehen-
sive to stratified schools, even when the latter are more efficient.

We do not find that one system clearly dominates the other in

efficiency terms. This is a reasonable result, that squares well with
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the observed variation across different developed countries in the
design of secondary schools. Our paper spells out a number of factors
that could account for this variation. Importantly, only some of
these factors are explicitly related to the organization of schools,
and one should also consider differences both in the rate of technical
progress and in the composition of job types (labor demand).

The classification of schooling systems into stratified and compre-
hensive stressed in this paper captures one important dimension of
school design at the cost of drastically simplifying on other dimen-
sions. First, comprehensive schools differ in their degree of standard-
ization of curricula, examination and certification systems. While
Germany and the Netherlands are examples of highly standardized
and stratified systems (see Hannah et al (1999)), the United States
has a comprehensive secondary school system with limited stan-
dardization (see Bishop (1996)). In between these two polar cases,
there are countries with comprehensive and standardized schools
(Japan and Scandinavian countries) and countries with an interme-
diate level of stratification (France, Italy and the UK).

Perhaps more importantly, comprehensive schools can also be se-
lective. In Japan, for instance, secondary schools are comprehensive
but clearly ranked in prestige and average achievement, and pupils
compete very hard to be admitted to the top ranked schools. In
our simple theoretical framework, selection without differentiation
clearly works in the direction of increasing the relative efficiency of
comprehensive schools, because it provides firms with useful infor-

mation about individual talents.

10 Appendix

Efﬁciency. We start by examining how F varies with respect

to & when F > 6. Ignoring the time subscript, a reduction of 6 below
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F implies that the new equilibrium share of V jobs, F, is given by
2F [77(1 — F) — Cv] = F(A(;HGG — Angv) — Q(AvHVV — Angv) (Al)

Total differentiation with respect to £ and 6 and the use of (A.1)

to eliminate (AgcHge — Ay Hgy) yields

0
|:277F —+ F(AVHGV — Avva):| OF =

1) Fé6(1 —v)A
|:(AVHGV —AyHyy )+ AgF 5 — Avg

: o

Evaluation of this derivative at § = F gives the expression in the
main text.
Next, we consider how F varies with respect to ¢ when F < 6.

When 0 is set above F, the equilibrium value of F is

1-6
1-F

2F[n(1—F) —cv]= AgHgg—Av Hyy (A.2)

Total differentiation yields

1-46
—2nF — WAGHGG

OF =

6(1—g)A
2

Sl1=0)—(1+0-¢)] - Ay

Ag 6
1-F2

| o

Since both elements within brackets are negative, the derivative

oF "
7 1s positive.

Preferences First, we show that the expression




is increasing in ~. Differentiation yields

aU, 1-F _ _
895; ST (Waa(07) — Wav(07)] +
1—-F ¢

6
WZ[AG*AVO*V)MJrZAv(l*V))‘

The first element on the right hand side is positive by assumption
(specialization of G graduates in G jobs). The sum of the second
and third elements is also positive. This restriction implies that a
marginal increase in the admission standard increases the human
capital of G graduates faster in G than in V jobs.

Next, consider voting when ¢ < F. Marginal increases of § that
leave F > 0 are voted for both by the group who remains in V schools
and by the group who remains in G schools. In the former case,
expected utility is Wyv, an increasing function of 4. In the latter
case, expected utility is given by :£Wee + {1 - %} Weav, that is
also increasing in ¢. This voting behavior raises ¢ to the point of
equality 6§ = F. Further increases of § above F depend on the initial
value of ¢: if # < §, voting majority supports a higher ¢ and leads to
9=3. If 0> 1 voting majority supports a reduction in ¢ and lead
to = F. When F > 6, the group remaining in G schools gains from
a higher 6, but the group remaining in V loses out. When ¢ > 1, the
latter group has the majority. Hence, ¢ increases and tends to F.

When 6 < 1, ¢ increases to reach 1.
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