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The paper sbidios the problem ol students acdimission Lo higher
cdneation inslitutions. We inbroduce a simple model where some of
Lhe Iuncdamental issnes can be analyzed. Alter providing a justilicalion
for the use of quantily restriclions in a system of public provision of
higher cducalion, we proceed o review Lhe lilerature on Allocation
Mechanisims pioncer by the work of Gale and Shapley (1962). This
literalnre deals wilth Lhe dillerent ways to allocale a number of Timited
vacancies Lo a sel of candidates. The main existing theorems are
introduced and Lheir relevance [or Lhe college adimission problem is |
carclully discuss.  Finally, we present some preliminary ideas that |
relate Lhie work in Lhis paper with Lhe current situabion of the higher

edncation system in Argenting.
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1 Introduction

Discussions abonl Lhe besl way Lo organize the admission Lo public universi-
lics are of everyday occwrrence in current Avgenlinian polilical and cconomic
forums. The subject has been under discussion Lhough, since Lhe carly days
of the crealion and dillusion ol universal public higher edneation. Tately,
the debale has heen concentrated on two opposing positions. On one side
Lhere is Lhose thal advocale for the stalus quo, wilh public provision of Lhe
service (higher education) and unrestricted access Lo il. On Lhe olher side,
Lhose Lhal propose Lhe implementalion of (uilion [eces Lhal nol only would
improve Lhe [inancing ol Lhe system bul would also acl as a way ol ralioning
Lhe service.

In the present paper, we atlempl to motivate a Lhird allernalive approach
Lo Lhe problem. We recognize that Lhe two views meulioned above have valid
points Lo make in the [inding of a solution to Lhe problern and thal each [ails
(o address the opposing side concerns. Wilh this in mind, we present the
problem mixing elements of both posilions and [ind that a nalural answer Lo
the query conld be the hmplementation of a system wilh public provision of
the service and restricled access through Lhe use ol an appropriale allocalion
mechanism. Interesting enough, systems similar Lo Lhis one are [unclioning
already in scveral obher countries in the world. This [acl has molivated
an importanl body of theorelical literalure on allocalion mechanisms. We
proceed Lo give an overview of the current knowledge on Lhe subject. This, we
Lhink, is essculial for our argumenl becanse proposing quantily restrictions
immediately rise Lhe queslion of how Lo belter assign the limiled number of
vacancics among Lhe candidales. There is some work thal have heen done on
Lhe subject. and there is an organic way to [ollow thal research. Thal is, we
know some Lhings aboul. Lthe problem and we can hope Lo learn more. “This is
clearly of greal importance lor the implementability of the system Lhal our
study ol the issue seems Lo suggest.

‘T'he paper is organized as [ollows. In the next scelion, we present a very
simple gencral equilibrinm model where some of Lhe essential [eatures ol Lhe
problem can casily be handle and stucied. Using Lhis model, we show thal,
(quantity restrictions may be an inleresting allernative in the search for a
solulion Lo the queslions on Lhe provision of higher educalion. Seclion 3
Lhen, gives an overview ol Lhe literalure on allocalion mechanisms that can
be nse Lo assign o number of limiled vacancios Lo a scl o given candidales
in Lhe best possible way.,  Scelion 4 includes o disenssion of some ol the




mosl important aspeets ol Lhe Argentinian situalion ancd how Lhese relate to
the analysis in the previous seclions. Some preliminary conclusions are also
included al the end of thal section.

2 Towards Quantity Restrictions

We chose Lo starl our inquires by introducing a very simple general equi-
librium meodel that will show appropriate to precisely describe and analyze
some ol the issues thal we Lhink are essential Lo the problem. We certainly
recognize thal the present exposition will appear extremely narrow in the
lreatment ol a subjecl thal have multiple aspecls and where details some-
limes come Lo be extremely important.! However, we also Lhink that the
model will illustrate with sheer clarity, partly due Lo ils simplicity, some of
the poinls Lhal arc always in play in any discussion of Lhese issues. Three
clements provide Lhe substance to our model and, of cowrse, drive our results:
the students tasles, Llie cost of education and its relurns.

2.1 The Model

Assume we have an economy wilh two group of agenls. Agents live two
periods, and chose to oblain eduecation in the [irsl period of their lile to
enjoy ils return in the sccond period. The groups conlain each a continuum
of heterogeneous agenls wilh names in the unit interval. There is lwo possible
aclivilies (carcers) that agents can choose, 1 and 2. Agents are heterogeneous
in their taste Lowards learning one or the other aclivity. Group 1 agents have
no endowment in the [irst period and agents in group 2 have an endowment
w. Learning aclivity 2 in the first period implies a cost a: > 0 in goods that
needs to be payed at Lhat very moment. This should be interpreted as a
dillerential cosl in the learning of activity 2 (and not 1), where we choose to
simplily notalion and normalize Lhe cost of learning activily 1 o zero. We
assume thal Lhis economy have access to [unds ab a [ixed gross interest rale

L''here are several olher dimensions to Lhe problem of how to [inance higher education.
They all conslilule a permanenk concern in the design ol a general policy on the matler.
One example of Lhese is how Lo assign Lhe tolal budgel [or higher educalion among Lhe
dillerent, institutions. For a recenl Lrestinent ol Lhis subjecl, wilh especial relevance for
Argentina, sce Dellino and Gertel (1996).
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R.2 Agenl i€ [0, 1] in either of Lhe two groups have prelerences thal can be
represented by the following lifetime utility [unction,

aliv + u(cy) + fules) (1)

where 0; € [0,1], » = 1 il the agenl chose lo learn activily 2 and v = 0
otherwise, and 3 is Lhe discount [actor. In this [ormulation, 0; indicales Lhe
taste of agenl i for learning aclivily 2 and o is a parameter of Lhe utility
[unction that indicales whelher the mere acl of educalion induce a ulility
benefit (¢ > 0) or a utilily cost (¢ < 0) upon privale agenls. Accordingly,
when o > 0, agenls wilh a high value of 0 (close Lo one) arc agents that greally
enjoy learning activily 2 (if ¢ < 0 then agenls dislike learning activity 2 but
Lhey may still chiose Lo do it il the second period relurns are high enough). We
assurne thal the tastes (i.c. @) ol the population in each group is unilormly
distributed over Lhe interval [0, 1]. Assume that the utilily function is linear
Lo avoid issues ol intertemporal consumpbion smoolhing. Also assume Lhal
R >1/3 and @ > a. Lel b be first period debt. I agents have direct access
to the credit market Lhe budgeb constraints are as [ollows. I'or agents of
group 1 we have,

¢ =—arv+4b20, (2)
and
co =w — RD, ‘ (3)

where w is Lhe secoudd period wage rate and depend on whelher the agent
learn Lo do activity 1 or 2. Similarly, [or agenls of group 2 we have

co=w—av-t+b>0, (1)
and
¢y = w — . (5)

Since we have assumed that R > 1/, only agents ol group 1 thal wanl Lo
learn activily 2 will choose to borrow in equilibrium (Lhey will chose 0 = «
to be able to pay the costs of educalion).

“Phis is clearly aseparation rom Lhe general equilibrinm premise bul, it comes Lo be not,
essenbial for owr analysis which is greatly simiplified by Lhis assumplion. The assumplion
will allow us Lo make our poinls in a much more clear and Lransparent way.

4




Jor the sceond period, we assume Lhal Chere exist a munber o profil
maximizing competilive firms that produce consumplion goods using a tech-
nology represenled by the production [unclion [(Ly, Ly), where L; is the
number of agenls knowing activity 7 (+ = 1,2) employed in the production
process. Let [ have the standard properties: strictly increasing, strictly con-
cave and Inada conditions. The usual result [ollows: w; = [;, i.c. [aclors arc
remunerated Lheir marginal productivity.

Assume an inberior solution for the pair {0',0%} defining an equilibrium
in this economy. Lebk 0' be the value of 0 Lhal solves Lhe [ollowing equation

a0' + u(0) + Au(w, — Ra) = u(0) + fulw,), (6)
and 0% the one thal solves
al® + u(w — a) + Pulws) = u(w) + Pu(w,). (7)

Let o = 1. It is nol hard to sec that the agents of group L wilh 0 > 0" (and
only Lhoese) will chose to learn aclivity 2 and thal the.agents of group 2 with
0 > 0* (and only those) will also chose to learn activily 2. By the market
clearing conditions lor Lhe labor markets in the second period we have

Ly = 0' 4 ¢* (8)
and

L =2 = i (9)

because agents supply lubor inclastically. An equilibrium [or this economy

can be found by solving the [ollowing system of equations in {0', 02},

0 + pulfo(0" + 0%, 2 = 0" — 0% — Ra = Pulfi (0" 4 0%,2— 0" — 0%)], (10)

02 4 u(w — ) + Au[f2(0" + 0%,2 = 0' — 0%)] =

= u(w) + Bulf (0" + 0% 2~ o' —0%)]. (11)

Call the solulion Lo Lhis system (05, OZC) Il is not hard Lo sce thal 0(‘; -/
because [ > 1/, i.c. agents in group 1 with no endowment in their first
period of lile find more coslly Lo undertake the projecl ol learning activity
2 (they need Lo borrow al the gross intercst rale [1); hence only Lhose wilh
relatively higher prelerence lowards aclivily 2 will choose that path.

on




2.2 Credit Constraints

Suppose now Lhal young individuals find credil constraints as they wish to
borrow resources Lo [inance Lhe education costs.® In this case, b = 0 in
equilibriurmn and no agent of group 1 would be able to allord learning activity
2, i.e. 0' = 1. Agent in group 2 have available some endowment and the
credit constraint Lurns out to be non-bidding [or them. As a consequence, in
equilibriumn Ty = 1+ 0% and Ly = 1 — 0% The equilibrinm is Lhen given by
the solution of the following equation in 0% (to be compared with (11)),

0% + w(w = @) + Pulfo(1L + 02,1 = 0%)] = w(w) + ful/1(L + 0,1 = 07)].
(12)

Call the solution o Lhis equalion 0;‘);,0.

Cilfum 1 The [following lwo mcquula[,ms hold: u) 0% > 07 ve mud b) 2 — g, =
02 =1 =05z

Prool. a) Suppese nol, suppese 0% < 0%.- Since 0 < 1, we have that
2— 0L— 0% > 1— 0%.. By the assumplions on the production [unclion
we have thal in Lhe credil constrained economy the wage rate [or activily 2
would be higher than with no credit constraints and the wage [or aclivity 1
would be lower. Bul Lhen

0% + u(w — @) 4 Pru(wd®) > u(w) + ﬁ-u.(wf’t") (13)

which implics that 0% > 0% and we have reach a contradiclion.

1) Suppose nol,, suppose 1 — O'fvc > 2 0(‘:- — ()é. For Lhis 1n.sl‘. inecuality
to hold, and given that 0’(. < 1, we need to have thal 0%, < 0%. Bul since
this also implies that w§ > w)€ and wf < wV® and therelore

0% +u(w — @) + fu(wy©) < u(w) + Pu(wl?), (14)

we have Lhal for 05 Lo be an equilibrium il has Lo be grealer than 0%, which
stands in conlradiclion. o

3 Phere is an extensive body of literalure thalb discuss Lhis possibility. Information

asymelbrics Lhal derive in moral hazard and adverse seleclion problems are the standar
arguments Lo justifly this Lype ol assumplion. Additionally, the data tends Lo suggest Lhal,
the phenomenon is quite relevant for Argentina (see ‘Table | in Scelion 4 helow).
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feo,

The claim just proved is usclul to evaluale Lhe ellects of credit constraints
in the wellare of the individuals within the dilferenl groups. On one side, we
sce that more agenls in group 2 lend to choose aclivily 2 whenever agents
in group 1 are credit conslrained. Ilowever, Lhe increase in the number of
agenls in group 2 performing aclivily 2 cannol compensale Lhe reduction
in the number of agents in group 1 thal are not able to incur the cost of
education and work on Lhat activity. IIence, under sbandard conditions [or
the production funclion, the wage rale [or aclivily 2 would tend Lo increase.
In summary, more workers in group 2 (Lhat were already favored by the [act
that they own some endowment when young) arc able Lo perform aclivily
2 thal now is relalively beller remunerated. We understand Lhat one may
consider Lhis siluation nol. only inellicient but also politically unlair for agents
in group L and may wanl to implement some kind of [inancing system [or
education Lo help counlerbalance this situation.

2.3 Public Unrestricted Provision

One possibilily is Lo introduce a system of public provision of the education
service (i.e., lel the government pay the cost @ per student of learning ac-
Livity 2). Consider [or example the [ollowing policy scheme. Suppose the
governmenl have access Lo Lhe credit market and [aces the [ixed gross inter-
esl rate [2. Also assume thal there is no [easible way [or Lhe government to
a priori delermine whether an specilic agents belong Lo cither group 1 or 2.4
Then, the government could implement the following systen: 1) allow [ree
and unrestricled aceess Lo education in activity 2, linancing the cost through
borrowing in the credit markel, 2) charge a uniform tax in the second period
to every agenl and repay Lhe public debl. Fven though this is only one pos-
sible alternative [or the government policy, we think Lhal il captures some
ol the main aspects ol Lhe system at work in Argentina and specially those
that were our intention lo diseuss.” In Lhis context, the balanced budget
resbriclion for the governmenl is given by

(2-0' - 0% et =21, (18)

1his facl is essential for our argument. Being Lhe government able Lo separate agenls
in group | from Lhe agenls in group 2, a simple tax-subsidy policy could solve all our
problems. Sce Scalion o for further discussions on Lhis maller,

> For a connmenl on olher government policics see Lhe end of Lhis subscclion.




where 7" is Lhe second period tax. Following he same ideas as before, define
0' as the solution Lo

0" + u(0) + Pu(wy — T) = u(0) + Bu(wy = T), (16)
and 02 as Lhe solulion Lo
g% 4 wWw) + Pu(w, — T) = u(w) + Pu(w, —T). (17)

Again as belore, ageuls in group i with 0 < 0F will chose Lo learn aclivity 1
and those with 0 > 0¢ will chose aclivily 2. Plugging the sccond period labor
market conditions and (e governmeut budgel constrainl, (15) in Lhe system
formed by equations (16) and (17) we can oblain the new equilibriuin valnes
for 0" and 02, Note that 0' ="0% Call this common vilue Opy (where 12U
stands for “public unrestricled”),

Claim 2 The Jollowing tavo incqualities lold: @) Opy < 0 < 05 =1 and
t')) ()pu < U:fvc < Ué

Proolf. Remembering the linear ulility assumption and by comparison
with (10) and (12), the clajm lollows directly (as pact of il was proved in Lhe
previous claim). m

The claim shows thal Llie proportion of the population choosing activily
2 under the public unrestricted provision of education is nol only higher than
in the casc ol credil, constraints but also higher than when individuals have to
alford the private costs. We may say Lhal in an eflort Lo solve one problem,
the “under-supply” of agents performing aclivily 2, Lhe government have
gone all the way Lo creale an “excess” of this supply. In our seclion of clis-
cussions (Seclion 4 below), we present a table (Table 1) with tolal university
enrolment in Argentina during several diflerenl, periods. The systems that
were in place al Lhose Limes may partially resemble the eredil, consbraints anc
the public unrestricted schemes. The dillerences between number-ol-students
in Lhose periods are substantial and we Lhink they illustrale Lhe relevance ol
our analysis.

2.4  Quantity Restrictions

Suppose now that a benevolent government, is able Lo set quantity restriclions
over 0, i = 1,2.° Suppose as belore that the government can not identily

“Several issues nol, considerad here ean also be suggeslive of Lhe convenience of imple-
menking quantily restrictions, In Lhe short run capacily Lends to be lixed and big changes
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agenls [rom dillerent groups bub somechow can assign Lhe vacancies [or learn-
ing activily 2 lo the agent that most preler it. Call the quantily restriclion
sel. by the government (5, which implies that the government would only let
the 2(1 — 05;) agents thal mosl like aclivity 2 to access Lo Lthe edncation pro-
gram [or aclivily 2. Il is nol hard Lo show Lhal the benevolenl government
would seek Lo maximize Lhe [ollowing objective choosing 05 € [0, 1],

(1= (0)*) 4 28 (Ou.[w (0) = (L = 0)eel?] + (1 — O)u[ur,(0) — (L — 0)ex[7])

where the nolation w;(()) shows Lhat the government realizes Lhal wages will
depend on the number of people choosing cach aclivity.” [rom (he first order
conclition to this problem we have thal 0z musl satisly the [ollowing equalion

01 + wlwy —1") = Pu(w, = T) - A, (18)

where A = [0pw| + (1= 0p)w!, + adt] v and w; is the derivalive of the wage
rate wilh respecl Lo 0. Nole that w) < 0 and wy > 0 and in general A will
tend to be positive. In Lhal case, il is easy lo see by comparison with (16)
thal 0 > Opy and the government restriction to educalion in activily 2
would be binding.® [or Lhe importance of this resull in our discussions we
wish to stale il with a formal claim.

Claim 3 or most cases the following inequalily holds, 03 > 0py.

Prool. Sce lhc argumenl above. ®

This claim slates the [undamental [act thal il a henevolent government
were Lo implemenl a policy of publie provision of educalion, il would best
achieve ils objeclives when being able to sel a quantlily reslriction in the
number of vacancies [or learning the costly aclivilies. [Essenlial [or the argu-
menl above was the assumption that the governmenl can assign the limited
vacancies Lo Lhe best candidales (in this case, Lhose Lhal most like to learn

in demand can cause important inefliciencies under the public unrestricled system. For
example, we Lhink that Lthe adjustment-through-quality mechanism, wilth all ils associated
inclliciencies, have been of widespread operalion in Argenlina in Lhe last couple of decades.

"This objeclive can be obtain by summing the utility of all the agents in Lhe economy
(which of course involves inlegralion over Lypes) and replacing Lhe market clearing condi-
Lions and Lhe government budgel constraint. ‘['he expression in Lhe text is Lhe same up Lo
a constant as Lhe one oblain following the sbeps indicated in this nole.

#See again Table L in Section 4 for ils empirical counlerpart.
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aclivily 2). IIow can this be done and whal are the propertics of the dil-
ferent possible procedures is the very subject of Lhe literature on allocalion
mechanisms Lhat we inlend to review in Lhe [ollowing section.

Belore going Lo the nexl section, we shall brielly discuss another possible
policy scheme that the government may want to implement in a situation like
the one presented in Lhe previous subsection. In parlicular, the government
may be able to charge dilferent second period tax rates to agent according to
the aclivily they choose Lo perform. Tor example, suppose the government
decides Lo charge a zero tax rale to agents thal perform aclivily 1 in the
second period. In this case, Lhe tax to agents working in aclivily 2 would have
to be T' = al? (using the government budgel constraint) and the equilibrium
0" and 0* would be given by the following two equalions,

0' + Bu(wy — alR) = Pu(w,), (19)

and

0% + Bulw, — i) = Pulw,). (20)

Clearly, by comparing equation (19) with equalion (6) we can see that using
this method the government. can sel 0' = 0. Ilowever, 0% will in general
be dillerent (lower) than 0% because SR was assumed greater than 1. This
facl uncovers an inelliciency already present with Lhe previous policy. The
governmenl. by [inancing Lhrongh credit Lhe educalion of agenls in group 2
is in [acl ercaling an inelliciency since credit is relalively more costly and
this agenls actually have available some own funds that they could use to
pay Lthe education cosls. We Lhink though thal this sort of inclliciencies
may possibly show empirically relevant and therelore it scems worlh to have
them idenlified in the analysis. Also, il is interesling Lo nole the trade-oll
in clliciency inherent to this policy. The governmen(, lrying Lo solve Lhe
problem ol credil. reslriclions for group 1 agenls, incurs anolher inelliciency
in the equilibrinm allocation for agents in group 2.7

3 Allocation Mechanisms

Consider Lhe [ollowing problem. Suppose we have a number of students and
a number of colleges-laculties wilh a limited number of vacancies each. Iivery

o ¥ . ) .
95¢ce Lhe comment on Lhe “Lax-to-graduales” in Sceclion .
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studenl have a complele order of preference over Lhe colleges-laculties and
every college-lacully can sormeliow come up with an also complete order of
preference over Lhe sel of students. The queslion is how should ene allocate
Lhe students Lo Lhe available vacancies. This problein was [irsl sludied by
Gale and Shapley in their 1962 seminal paper. A munber of olher papers
have appeared since then. They carelully characlerize Lhe dillerent possible
allocalion mechanisms and introduce some interesting extensions. The pur-
pose of Lhis seclion is to provide an overview of Lhie main definilions, concepls
and resulls thal conslitule the core of this Lheory.

In general, all Lhis type of social choice probleins have lwo constiluent.
parts. LMirsl, one needs Lo precisely deline the specific problem uider consid-
cration. Second, one needs to design an allocation mechanism and study the
propertics ol Lhie malching allocations that such a procedure would [inally
select [or each particular problems.

We will start then wilh the formal definilion of the College Admission
Problem thal constilules the basie [irsh step in our invesligalion (see Balinski
and Sonrmez, 1999).

Deflinition 4 A College Admission Problem is a sel of sludenls S = {sy, ..., 5n},

a seb of colleges C = ey, ..., Gup) @ capacily veclor ¢ = (qey -y Qe } Where q,
is the capacily of college i, a list of student preferences Ps = (Fs,, ..., Ps.)
where Py, is lhe preference relalion of sltudent s; over colleges including the
no-collcye oplion ¢y, and a list of college preferences P = (£, ..., F,,.) where
B, is the preferences of college ¢ over studenls thal includes the no-student

oplion sg.

In general, S and C are fixed and the liple (U, e, q) will deline a
College Admission Problem. We will be studying allocalion mechanisms that
syslemalically select a student-college matching arrangement with certain
desirable properties whichever Lhe triple (Ps, Pz, q) is. In practice usually
(Ps, Iz, q) are the components that show harder to [ind onl or actually know.
Therelore, 1l is clearly a very inportant general requirernent lo be able Lo
determine whether Lhe proposed mechanism is able to sclect a matching wilh
cerbain characleristics no maller what (Ps, P, q) are.

Next we deline a malching as an allocation ol college slots Lo students
such that no student occupies more than one college slot.

Definition 5 A matching is a funclion p: § — CU{co} such thal |p=1(c)| <
q. for all ¢ € C, where |x| denoles cardinalily of Lhe sel z and q., = |S]|.

11




Nole thal (s) = ¢y means that student s is not. assigned any college
slot. The condition |=!(c)| < g, says that the matching [unction assigns Lo
each college ¢ a number of students Lhat does nol excecds the corresponding
capacity reslriction.

The preference relation Py of student s (initially defined over C' U {eo]})
can be extended Lo the set of matchings wilh the following rule: student s
prelers matching g to matching 4’ if and only if he/she prefers 1(s) to ({8,
The concept. of a malching is central in the theory of allocalion mechanisms.

Definition 6 An Admissions Mechanism is a systemalic procedure lhal se-
leels a malching for each admission problem (Ps, ¢, q).

Propertics of the malchings Lhat are selecled by cach particular allocation
mechanism are the main elements used in its characterization.

Definition 7 A malehing ju s individually rational if no stwdenl is assigned
Lo a college thal is worse than the no-college oplion.

The firsl theorem thal was prool by the literalure is refer to Lhe desiralle
property Lhal Lhe matehing that vesult from a certain mechanism be actnally
stable in Lhe sense that (he agents can nol change Lhe proposed allocation
by ex-post mulnal arrangements. The concept of stability is closely linked to
the concepl of Lhe Core [rom the Theory of General Ecuilibrium. To define
stability we [irst necd to introduce the [ollowing iden.

Definition 8 4 studend-college pair (s,c) € § x C blocks a malching p if

clPy(s) and l,u,'](c)l < i, (21)

cly(s) and sP.3 for some 5 € - (). (22)

Condition (21) says that il student s prefers college ¢ to college /i(s) (the
one Lhal was assign Lo her under Lhe current. malching 1) and il the college
¢ have an excess of vacancies under malching 2, them this two parlicipants
(student s and college ¢) would block the matching g2 by closing a mutual
deal. Similarly, condition (22) says that il student s prelers college ¢ to u(s)
and college ¢ prefers student s rather than student 5 (currenlly being assign
Lo it by the matching /), then again this pair of participanl. will block the
matching . Wilh this concepls in hand we are ready to introduce Lhe
definition of stability.
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Definition 9 A matching 1 is stable if il is individually ralional and is
blocked by no student-colleye pair.

Let S( s, Pz, q) denole Lhe set of stable malchings [or Lhe college admis-
sion problem (£s, ¢, ).

Theorem 10 '°(Gulec and Shapley, 1962) The sct F(Ls, Pe, q) is non-emply.

The prool of the theorem is constructive. Gale and Shapley propose an
algorithm Lhal always finds a stable malching for any college adinission prob-
lem. The algorithm is call Lhe Student Proposing Deferred Acceptance
Algorithi and works as [ollows. In the [irst step each student proposes
to his/her lop choice among Lhose colleges for which he/she is acceplable
(i.e., that the student is belter than the no-student option [or the respeclive
college). liach college ¢ aceepls Lhe besk g. studenls among Lhose who pro-
posad Lo il and place Lhem in a waiting list [or admission. In the next step,
cach student who has been rejected in the previous slep proposes to his/her
top choice among those colleges that has not as ycl rejected him/her and
for which he/she is aceeptable (if Lhere is no such college the student stops
proposing). [Bach college ¢ accepts the best g, studenls among those students
who have jusl proposed and those that the college have in ils waiting list. A
new wailing list is form. Identical steps [ollows. The algorithm lerminabes
when every sbudent is either on a walling list or has heen rejected by all the
colleges Lo which he/she is willing and able to apply. Al thal point, each
college admils everyone in the waiting list. It is nol hard lo see thal the
resulling malching is slable. : *

Fact 1: In general, S(LPs, e, q) is nol a singlclon.

Fact 2: II all colleges have Lhe same preflerences in a college admissions
problem, then there is a unique stable malching, i.e.$(Ps, e, q) is a single-
Lomn.

Iact 3: I'or cach college admissions problem Lhere is a stable matching
Lhal is prelerred Lo any olher stable malching by all Lhe sludents. 1L is called
the Student Optimal Stable Matching and denoted by p5(Ps, Pe,q).
This stable malching is also the worst stable matching for all the colleges.

e theorer may look fairly simple but it certainly have some content. Gale and
Shapley provide an example of a closely related problem, the “problem of Lhe roommales,”
and show that Lhose problems not always admit a stable matching (see Gale and Shapley

(1962), Example 3).




TFFact 4: Similarly, [or each college admission problem there is a sta-
ble matching that is preferred to any other stable malching by all the col-
leges. Il is called the College Optimal Stable Malching and is denoled by
jLC(.P_g, Pc,q). This is also Lhe worst stable matching [or all the students.

Lemma 11 a) p®(LPs, Pe,q) = p¢(Ps, Pe,q) if and only if ¥(Ps, Pc,q) s
a singlelon.

b) (Gale and Shapley, 1962) The Student Proposing Deferred Accep-
tance Algorithm sclects the Student Optimal Stable Matching from Lhe
set of stable malcehings for any college adnussion problem, S(L, e, q).

Definition 12 An adnvission mechanism is student-straleqy-proof if no slu-
dent can cver benefil by unilalerally misrepresenting his/her preferences.

Definition 13 1he Gale-Shapley Student Optimal Mechanism selccls
the student oplimal stuble malehing for each college admission problem by
use of the Student Proposing Deferred Acceplance Algorilhm.

Theovem 14 (Dubins and Lreedman, 1981) The Gale-Shapley Student Op-
timal Mechanism is sludenl-straleqy-proof.

The theorem says that truth-lelling is a dominant strategy [or all sludents
under the Gale-Shapley mechanism. In other words, no student can improve
their fate by lying about their prelerences. Indeed, Dubins and Ireedman
show Lhal no coalilion of students can simultaneously improve Lhe lot, of all
ils members i those outside the coalition stale their true preflerences.

Two other important properlies of malching oulcomes worlh mentioning
are Lhe following.

Definition 15 The malehing o is non-wasteful if elyu(s) implics |~ (e)] =
q. for cvery s € § and cvery ¢ € C.

In other words, a matching g is non-waslelul il whenever a student preflers
a college ¢ to his/lier assignment, Lhe college ¢ has all its slols [illed.

Definition 16 A malching n Parelo dominales a malching o if 1(s:) s, /4(8:)
Jor every s; € S and 1)(s;) Py, 11(s;) Jor some s; € S where I, denoles the al-
leasl-as-good-as relalion associaled wilth the preference relalion Py for every
s ES.
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Decfinition 17 Y A wmalching ju is Parvelo cfficient if il is nol Pareto domi-
nabed by any olher mualching.

Nole that Pareto clliciency implies individual ralionality and non-wastelulness.

One of Lhe most interesting and controversial issue associaled with the
college adinission problem is how do colleges come up with a complele order
of preferences over students. This is in our view a very important and non-
trivial problem thal will deserve extensive consideration in the seclion for
discussion and conclusions (Section 4).

One aclnal possibilily is the implementation of placeinenls lesls previous
lo Lthe admission procedure.'® This bring us Lo the deflinition of a Student
Placement, Problem.

Definition 18 A (Sludenl) Placement Problem consisls of a set of sludents
S, a sct of colleges-fucullies C, a capucily vector q, a list of studenls prefer-
ences Ps, a scl of shill calegories T' = {Ly, ..., L}, a list of sludenl lesl scores
[ o= (", [™) where [% = ([, ..., i) arc the lest score of studenl s
i each calegory, and a function  : C — T where () is the skill calegory
requived by college-facully .

In genaral, §,C, T, and t are considered [ixed and hence the lriple list
(Ps, [,q) delines a placement problem. [Sach placement problem (Ps, [,q)
have associaled a college admission problem (Ps, Pz, q) where the preflerence
relation £ for each college ¢ is constructed as [ollows. [For every ¢ € C, the
preference [ 1s such thal

sP§ il and only il [§, > ff(c) for every s,5€ S (23)
and
sP.sy [or every s € S (24)

where sg denoles the no-student option.

LiNole Lhatb this concept. of Parcto elliciency only considers Lhe preferences of students
(Lul not Lhat of colleges) as Lhe basic clemenls driving Lhe deflinition. This will show more
appropriale for the Student, Placement Problems (to be studied next) where colleges are
just “mechanic” entilies (see Balinski and Sonmez (1999) for a carclul comparison between
these two Lype of problems).

L2 his is how il works in Lhe Turkish system (for a comiplele descriplion see Balinski
and Sonmez, 1999).




Definition 19 A malching p for a placement problem. (Ps, [, q) is fair if for
all students s,5 € S wilh p(3) = ¢, we have thal

el p(s) implies ff(z) > [i® (25)

In ollier words, this definition says that a malching is [air i[ a student
prefers college ¢ Lo his/her assignment then all the students thal have been
assign to college ¢ have betler scores in the relevant category. It simply
requires thal studenls wilth better lest scores are assigned to Lheir betler
choices.

Fact 5: (Balinski and Sonmez, 1999) A matching is individually rational,

[air, and non-wastelul [or a placement problem il an only if it is stable [or ils
associaled college admissions problem.

Definition 20 A pluccment mechanism is a systemalic procedure Lhal selecls
a alching for cach plucement problem.

Obviously, there exist a placement mechanism Lhal can be obtain by using
the Student Proposing Delerred Acceptance Algoritlun of Gale and Shapley
(Lo select a matching from the college admission problem associated to each
corresponding placement problem). This placement mechanism is also called
the Gale-Shapley Student Optirnal Mechanism.

I there is only one category (and hence only one test score [or each
student) then there is only one placement mechanism Lhal is [air and Pareto
ellicient, i.e. Lhat il always selects a fair and ellicienl. malching [or any
placement problem.'® This mechanism is call Serial Dictatorship (see
Balinski and Sonmez, 1999) and it is such that the student with the highest
test score is assigned his/her Lop choice, the student with the next highest
score is assigned his/lier Lop choice among Lhe remaining slols, and so on.
This is Lhe system used [or example to match medical interns and hospitals
in Argentina.

For a Lhorough analysis of the mulli-category placemenl problem see
Balinski and Sonmez (1999).'"" One important resull that we think worth
mentioning belore closing this section is the [ollowing.

B Note Lhal Pareto efliciency implies individual ralionality and nou-wastefulness. By
TFact 5, il Lhe malching is fair and Pareto eflicient then il is stable. But having only one
calegory derive in Lhe same ordering for all colleges and by Fact 2, Lhere exist a unique
slable malching. Uherelore Lhe [air and Parelo cflicient matehing ought Lo e unique.

Mhe Tarkish system works as o Student Placement Problem with a Mulli-Category
Serial Dictatorship Mechanisin Lhat is analyzed it detail by Balinski and Sonmerz (1999).
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Theorew 21 (Balinski and Sonmez, 1999) The Gale-Shapley Student Op-
timal Mcchanism Parelo dominales any other fair placement mechanism.

This theorem, logelhicr with Tract 3, shows Lhal the Student Oplimal Sta-
ble Malching Pareto dominales any other altainable stable and [air mabching.

The present overview of the theory of allocalion meclianisms does nol
intend to be exhaustive or conclusive.’® The main purpose of the section is
to show Lhal there exisl an organic and [airly developed way Lo handle Lhe
problem of how to best assign a limiled number of vacancics lo a given set
ol candidates. This queslion was shown to be relevant when we sbudy
Scction 2 of the paper some of the essential issues concerning the Ainancing
and admission to the higher educalion systermn. We think that this section
works Lo strengthen our suggeslion that the public provision of education
services combined wilh a certain arrangement of ¢uantity restrictions may
be a valid alternative worth further consideratbion.

4. Discussion and Conclusions

We have started the paper willi a mention Lo the lively debale on the fi-
nancing ol Ligher education that dominates the political and economic arena
i Argentina. T'wo main positions aboul the possible ways Lo deal with
the problem were identified. On one side those thal advocale for a public
unrestricled system and, on the other side those that think that the im-
plementation of tuition fees can solve most ol the problem. The spirit of
these two opposing views have been rellected in diverse manners Lhroughout
the Argentinian legislation all along the years. The Decrect-Law 7631/57
and the Law 17245/66 were in the line of Lhe sccond posilion. The Law
20654/74 changes towards the first position and banned tuilion fees. With
Law 22207/76, legislation shows a come-back towards Lhe second posilion
and with Taws 23151/81 and 23659/88, it relurns, once again, to the frst
posilion. This history of Lhe evolution of the legislation has heen mixed with
ideological issues and miss-conceived generalizalions. We think our paper
can represent an item in the sel of long awailed systemalic tools to be used
in the study of this essenlial question.

Y See Roth and Sotomayor (L985), and Roth (LQS.)) and Iylland and Zeckhauser (1979)
for interesting applicalions.
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Interesling cnough, Argentinian data on lolal enrolmenl in public uni-
versities also corresponds Lo Lhe [luctuation in the Legislation just described.
Gk ey = 7 1.

T'he following Table docuiments this.

Year System Total Eurolment
‘ 1965 Unreslricled 208,284
1970 Restricted 214,253
1979/80 to 1983 | Restricted | 319,794 (average)
1984 Unreslricted 425,122
1985 Unrestrictecd 37,657
1990 Unrestricted 873,383

It 1s worth mentioning that during the second hall of the sixties the system
did combine restricted admission and partial charge of tuition fees. The
explosion on Lhe Lolal enrolment in the last filteen years of public unrestricted
provision ol the service of higher education is striking,

The‘'model presented in Section 2 have broad applicability Lo understand
this history in Argentina. It, in fact, admils two dillerent interpretation.
Oue possibility could be to think that what we have ealled aclivity 1 is the
path taken by agents Lhat choose not Lo altend a higher education insli-
tution. Probably, for thal inlerpretation, the value of o should be Laken
negative. Proceeding with the “education path” tends Lo generatc high op-
portunity cost in the carly periods of active lile.'® However, we have chosen
to direcl our presentalion Lo the interpretation of the model as one where
agents choose between either of two possible “educalion path”. Activity 1
is relalively less costly Lhan activity 2 but al the same time agents obtain
relatively more utility from studying activity 2. The later is in fact what
causes that thronghout the presentation the second period payoll for activity
2, wy, is generally lower Lthan w;.!" The interpretation we have [avored have
some acdvantages. We think that it allows us Lo discuss certain questions that
have received less altention in previous work (sce however Olivera (1964) and

6 Qbviously, education have higher direct cost Lhian no educalion Loo. This again would
be represented by Lhe cost a in Lhe model. For Argenlina, the Lotal budget for the higher
educalion syslem is currenlly around 1600 million dollars. '

7T his result is reversed when o < 0, i.e. wg would be higher than w; for two reasons:
first, Lhere is a direcl cost ¢ ol learning activity 2 and, second Lhere is also a ulility cost
all; associated with snch o decision. The second period return of activity 2 neceds to be
higher Lo compensale Lhe early investmenl (See Becker (1964) and Becker (1971), Chapler
[X).
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(1967) for an carly lrealment ol some of thesc issues, especially on the recog-
nition of a consumplion and an investment component of higher education).
It also motivates the idea of the implementation of an scheme of quantity
reslriction over Lhe admission process. This help to stress Lhe importance
[or the subjecl, of Lhe literature on Allocation Mechanisms. Additionally, the
acknowledgment of Lhe exislence of dillerential direcl. costs between alterna-
tive “cducation path” is a common [eature recognized among the people in
charge of Lthe administration of the system in Argentina. I'or example, in
Lhe National Universily of Cuyo (Argentina), some preliminary calculations
show that the most expensive career is 5.7 Limes more coslly than the less
expensive one (see Ginestar, 1992). The C.LN. (Inter-Universities National
Council) construcls an index of academic complexily usually used for the
distribulion of funds among colleges-facultics. ‘I'his cocllicienl rellects a dil-
[erence in relative cosls within careers of about 3 to 1. Pelrei and Cartas
(1989) suggests that Lhose dillerences also hold across universities despite the
disparate characteristies (lotal size, number ol college-lacullics and depart-
ments, ele.).

The model also highlights the perverse consequences of ignoring the ex-
istence ol binding credit constraints. Note Lhal when credil constraint are
in operabion, more agents of the group with own endowments would chose
lo perform Lhe pleasanl aclivity (2) and, not only that, bul also Lhe wage
rale [or this aclivity actually increase due to the credit constraints. Agent
in group 1 (wilh no endowment) are not able o access to this (activity 2-)
“market”. In a simplificd way, the model suggest why a syslem of tuition [ees
may nol be able to guarantee the “equal opportunily” principle established
by the Argentinian Nalional Constitution and in this particular case, by Lhe
lederal Law of Educalion (article 3 and 5, clause IF).'3

Anolher important issuc thal may be partially analyzed using the model
in Scclion 2 is Lhe proposal [or implementation of a system ol vouchers (see

18 Article § starls saying Lhat “Lhe National State should scl lines of policy on educalion
Lhal rellect the following rights, principles and criteria:...” and nexl, clanse [ enumerates,
“Lhie accomplishment of aulhenlic equality of opportunilics and possibililies lor everyone
and Lhe repudiation of any kind of discriminalion.” Nole however, Lhal in the conseculive
clause G, the arlicle stales thal equity should be pursued “Llhirough the fair distribulion of
educalion services, looking for the accomplishment of Lhe best possible quality and results
Laking into account the helerogeneily ol the population.” In our model of Section 2, agents’
helerogencily is one of Lhe driving forces of the resulls and we Lhink our discussions are
in close correspondence with the principles suggesled by Lhe Federal Law.
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Pillano, 1993). In general, the idea is that Lhe universilies would charge
a tuition [ee bul the government would provide sludents wilh a number of
vonchers thal can be used to pay those costs. Usually, the stock ol vouclhers
per capita would be enough to pay Lhe average cost of cducalion. Il is clear
in the model thougly, thal the essential element for mest of Lhe argumenls we
have made is the existence of differential costs. In Chis respecl, the voucher
system does not improve the situation. Ilowever, several other advantages
and disadvantages ol the voucher can not be study within our dry set up.'?

All sort of informalion problems complicate Lhe basic ¢question in Lhis pa-
per, which is the efficienl. allocation of resources to higher edncalion. Some
of Lthem were delerminant lor the results obtain in the model presented in
Section 2. All along we have assume thal the governmenl can not differen-
tinle an agent that have own resources Lo invest in education [rom one Lhat
does not have them. This is essential since olhierwise Lhere exist simple direct
lax-subsidy policies Lhal would Lotally solve Lhe allocation problems. This
information constrainl is also relevant at the momenl of studying sysltems
of fellowships and grants (or special credits for educalion).?” Note however,
that we do consider cases where the government may be able Lo ex-post diller-
entiate among agents according to the carrier they have chosen in previous
years. The “tax-to-gradunates” is not a foreign concept on Lhe discussions
about Lhe subject in Argenlina.2! We show however Lhat such a tax is not a
panacea.

Another important aspect that was tolally ignored in the previous sec-
Lions is the [act that agents need to somchow predicl Lhe [ulure return of
learning cerlain activities. We think that the collection of informalion by
agenbs at Lthe momenl of deciding their [uture occupation is cquite diflicult
and costly and that there may be a role for the government in such a process.
One possibility is thal the government centrally process Lhe informalion and
sel a structure ol ¢uantily restrictions in the admission process that would

Yn fact, the voucher system may for example improve the production efficiency of
the edneation service Laking Lhe universilics as “production units” (sce PilTano, 1993 and
Olivera, L1964 aned 1967).

200ne proposal Lhat has been made is to charge Luilion Lo high income agenls and partly
use it Lo [inance fellowships for low income ones. “I'his syslem not only have the obvious
information problem but also probably have high adminislration cost, danger of social
[ragmentation and limilalions on the capacity to “caplure” Lhe conlribulors.

UPhere has been several proposals Lo implement a “lax-Lo-graduates”. 1L was even

suggested in the Decreel-Law 7361/57, williout Lhough a clear exposilion of its actual
scheme,
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lielp to avoid [ulure over-supply of certain type of labor (consequence of Lhe
polential miscalculation of individual agenls). In Lhis environmenl, again,
allocation mechanisms would play a central role.

As we said in Seclion 3, one of the mosl conlroversial component that
needs Lo be carelully cousidered in the configuralion of an allocalion problem
is the gencsis of the [inal colleges’ rankings over students. Nobe thal in the
Gale-Shapley Algorithm one is able to avoid the unpleasant comparison of
absolute levels of student preferences (when for example two students like a
college thal only have one available position) through the use of the colleges’
ordering ol candidates.®? This of course makes clear how determinant Lhis
componenl of the College Admission Problem can be. In the Student Place-
ment Problem, the exclusive crileria used by colleges is the students scores
in a complele arrangement of capacily lests. We do discuss this alternalive
in the paper but we wish to make clear thal we do not advocate the use
ol tests as Lhe [inal solulion Lo the issue. We lend Lo Lhink that the actual
implemenlation of capacily lest can derive in several induced behaviors Lhat
may maintain high levels of “unlairness” in the syslem. One well known
“artificial” behavior resulting from this kind of syslem is the appearance of
spacialisls Lhat prepare students for taking the tests in exchange [or consid-
erable economic remuncration. This again, lends to marginale the agents
with credit constraints (in Lhe spirit of whal was illustrated by the model
of Section 2). ITowever, we also realize that the global problem is extremely
complex and Lhat Lo reach any conclusion in the matter a much more de-
tail study (beyond the scope of Lhis paper) would need to.be undertaken.
Possible alternatives though, are the improvement of oflicial pre-university
introductory courses and the clear determination for maintainig the “rules-
of-Lhe-game” so thal sludents can start preparing [or the admission tesls
willi enough time and resources.

The elements that we have presented in the review ol Lthe lilerature on
Allocation Mechanisms can be applied to several current, and previous, Ar-
gentinian social and ceconomic silualions. [or example, Lhere were periods
wilh restricled admission Lo universilies where the colleges’ rankings over
studenls were based on a test score. Students though, first had to choose the
universily and the college-faculty within the universily Lo only alter thal be

227'his is one of Lhe main dillerences between Lhe College Admission Problem and Lhe
Problem of Assigning Liclividuals to Positions. Tor an excellent study ol the later see
yNand and Zeckhauser (1979).
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able Lo Lake a Lest Lhal ranked them among the ones erorolled in Lhat particn-
lar college-lacully division. Some ad-hoe versions ol this method are at work
loday in several college-facullics of public universilies (Medical School in the
National Universily of La Plata, for example). Il is nol hard to show (wilh
an explicil example, say) that this methods do not select fuir malchings as
delined in Seclion 3. A hublier sophistication of the previous method is the
one that was used by secondary schiools in Argentina two decades ago. In
that case, students were allowed to take the tesl in more Lhan one school.
Under certain condilions this mechanism can improve the [airness of Lhe re-
sulting malching. Other examples of problems Lhal could be nunderstood by
using Lhe Lheory on Allocation Mechanisms include Lhe [illing of vacancies
[or prolessorships al. universities, the selection of [ellowship assignments [or
researchers in the CONICET (National Scienlific and Technical Rescarch
Commission in Argentina), etc.

We have louch several important and controversial issues along the ex-
position in Lhe paper. The main intention was always (o lry Lo provide new
elements and ideas that can be use in Lhe scarch [or some, al least partial,
solutions to Lhe problems and questions thal so much dominate the subject.
We realize Lhough thal Lhere is still a long way to go lo be able Lo reach any
solid conclusions.

References

(1] Balinski, M. and T Sonmez (1999), A Tale of T'wo Mechanisms: Student
Placement, Jouwrnal of L'conomic Theory 84, 73-01.

[2] Becker, G. (1964), Human Capilal: A Theorelical and Bmpirical Anal-
ysis, New York.

[3] Becker, G. (1971), Econonic Theory, I{nopl Iid., New York.

[4] Delfino, J. and IL. Gerlel (13ds.)(1996), Nucvas Direcciones en el [Finan-
ciamicnto de la Yducacion Superior, Serie Nuevas Tendencias, Minislerio
de Cullura y Educacion, Secretarfa de Polilicas Universilarias.

[5] Dubins, L. and D. [reedman (1981), Machiavelli and the Gale-Shapley
Algorithm, American Malh Monthly 88, 485-194.

22




(6]

9]
[L0]

5

[12]

(13]

[14]

Gale, D. and L. Shapley (1962), College Admissions and the Stability of
Marriage, American Malth Monthly 69, 9-15.

Ginestar, A. (1992), Ilermentos de Bconomia Aplicada al Financiamiento
de la Educacién Universitaria, in II Pillano (1%1.), Fore sobre Organi-
zacidn y Financiandento de la Dducacidn Universilaria en Argenlina,
Iarvard Club de Argentina, Buenos Aires, 1993.

Hylland, A. and R. Zeckhauser (1979), The Ellicient Allocalion of Indi-
viduals lo Positions, Journal of Political conomy 87, 293-314.

Olivera, J. (1964), Aspectos Bcondmicos de la Iiducacidn, in J. Olivera,
Leonomia Clasica Aclual, 1idiciones Macchi, Buenos Aires, 1977,

QOlivera, J. (1967), Die Universiliit als Produklionseinheit,
Wellwirtschaftliches Archiv.

Pelrei, II. and J. Cartas (1989), Costos de la Eduacaciéon Universitaria
en Argenlina, in IT. Petrel (15.) Lnsayos en Lconomia de la Fducacidn,
Buenos Aires, 1989.

Piflano, II. (1993), El Pnanciamiento d¢ la Bducacién Universibaria
y su Racionamiento, in II Pillano (I5d.), lore sobre Orgunizacidn y
[inancianicento de la Dducacion Universilaria en Argenlina, Harvard
Club cle Argenlina, Bucnos Aires, 1993.

g ) )

Roth, A. (1985), The College Admissions Problem is nol Ecquivalent to
the Marriage Problem, Journal of Fconomie Theory 36, 277-288.

Roth, A. and M. Setomayor (1990), Two-Sided Malching: A Study in
Game Theorelic Modeling and Analysis, Cambridge Univ. Press, Lon-
cdon/New York.

23






