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Abstract

We develop a model in which students compete for seats at elite
colleges and differ in ability and application cost. In disadvantaged
communities, students estimate their admission chance based on the
aggregate acceptance rate in the community. In advantaged commu-
nities, students have rational expectations. Competition between ad-
vantaged and disadvantaged (otherwise similar) communities results
in more seats being allocated to the advantaged community. A different
conclusion may arise when students of disadvantaged communities are
less well informed about their characteristics but use rational expecta-
tions. The case of competition between disadvantaged communities is
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1 INTRODUCTION

We are concerned in this paper with the competition of students for elite col-
leges. Students are assumed to differ in how much they would benefit from
higher education (which is influenced by their ability type and possibly other
factors) as well as how costly it is for them to apply (which may include the
effort costs for admission tests in addition to the application fee). In partic-
ular, we consider the competition between students coming from different
communities or neighborhoods, which may differ in their access to statistical
knowledge about how the odds of admissions depend on objective charac-
teristics of the applicant.

An empirical observation (see Hoxby and Turner (2015) and Goodman
(2016)) is that high ability students from underrepresented communities seem
to apply little to elite colleges, which seems paradoxical given that their ad-
mission odds are very high and such students would typically not have to
incur large application costs (the financial part of these is heavily subsidized
in many countries). Possible explanations that have been proposed in the lit-
erature include that such students may have less good outside options than
their counterpart in more advantaged communities, thereby making them
more conservative in their application strategy (Akbarpour et al. (2022) or
Calsamiglia et al. (2021)) or that students from less advantaged communities
may have less accurate view of their ability thereby leading them to be over-
pessimistic about how much benefit they would get from higher education
and/or about their odds of being accepted (see Hoxby and Turner (2015) and
Ali and Shorrer (2025) for a theoretical exploration of this).

We propose a different explanation. In one of our main results, we con-
sider two communities which are symmetric in all respects except that in
one community (that should be thought as more advantaged), there is ac-
cess to fine statistics that relate the observable characteristics of the student
to the admission odds and in the other community (that should be thought
of as less advantaged), only the coarse statistic describing the overall prob-
ability of admission among applicants in the community is available. When
students in the disadvantaged community take the coarse statistic about the
aggregate admission odds at face value as if it applied indiscriminately to



all students in the community, we show that the disadvantaged community
ends up having fewer seats at elite colleges than the advantaged community.
In particular, this follows because in the disadvantaged community, some
high ability students do not apply to elite college even though they would be
admitted for sure.! This does not happen in the advantaged community.

It should be mentioned that in our model, students in the disadvantaged
community do not have correct expectations about the admission odds be-
cause they do not correlate those with the ability type as they should. Sev-
eral reasons may explain such erronenous expectations. First, disadvantaged
students with high ability types (or high Grade Point Average GPA) may not
be aware that admission odds are highly correlated with those (and believe
instead that admission depends on other unrelated factors).” Second and re-
latedly, disadvantaged students may not have access to the precise data that
would allow them to construct such ability-related statistics. In particular,
they may sample from the past generation of students in their community
those who applied and see among those who got admitted without observ-
ing precisely the ability characteristics of applicants. From this, they can con-
struct the coarse statistic mentioned above but no more. To put it differently,
the misconception we attribute to disadvantaged students takes the form of
correlation neglect and while correlation neglect has been documented in a
number of studies (see for example Enke and Zimmerman (2019)), we believe
the form we consider here (that is consistent with key observations reported
by Goodman in the context of education choices) has not been the subject
of previous analysis, not to speak of how students with such misconceived
expectations may interact with students holding rational expectations (that
may result from access to better statistics in such more advantaged commu-

nities).?

! As a mirror image, we also have in the disadvanted community that some lower ability
students apply even if their admission chances are null when their application costs are
small enough.

2This has been documented by Goodman (2016), which has led her to famously advocate
for mandatory admission college tests. (In this paper, we either assume that such tests are
not mandatory, which is the case in many countries, or when referring to disadvanted stu-
dents we focus on the residual students who may not take the result of the tests sufficiently
into account.)

3 Another approach concerned with education choices that considers correlation neglect



We also consider in our analysis an alternative scenario in which stu-
dents from the disadvantaged community know less precisely how much
they would benefit from higher education but have otherwise rational ex-
pectations, and we highlight a number of differences that this formulation
would imply as compared to our leading (behavioral) approach. In partic-
ular, we do not necessarily have, in this alternative scenario, that the less
informed community receives fewer seats, even assuming communities are
otherwise symmetric, in contrast to the finding with the behavioral approach
highlighted above. Of course, in reality, disadvantaged students may com-
bine both inferior information and coarser expectations, but we believe our
analysis helps identify a key role coarse expectations may have in explaining
the education choices of disadvantaged students.

In the rest of the paper, we develop a stylized model of education choice
in which (a continuum of) students differ in two characteristics, their benefit
from attending higher education (which we decompose into an ability term
and a match term that summarizes other aspects that could affect how much
benefit the student could derive from being enrolled) and an application cost.
In the main part, we assume students know these characteristics, but when
considering the case of less informed students, we assume that they only
observe their ability type and the application cost but not the match type.

We start by describing the analysis when there is only one community
or neighborhood for which we characterize the equilibrium. When students
base their application decision only on the aggregate admission rate, we refer
to it as the sampling equilibrium for reasons related to the interpretation sug-
gested above. Otherwise, when students have correct expectations, we refer
to it as rational expectations equilibrium. We assess the obtained equilibria
in light of the welfare they generate as well as the induced average (benefit-
related) quality of admitted students. While the first-best would require that
only students with maximal net benefit (i.e., benefit minus application cost)
apply and none gets rejected, we note several forms of inefficiency in the

is Rees-Jones et al. (2024), even though in that paper the missperception bears about how
rejection decisions at different schools are correlated (and correlation neglect leads to subop-
timal hedging decisions in terms of portfolio of applications), which is very different from
and complementary to our focus.



various equilibria. In the sampling equilibrium, high benefit students do not
apply when the application cost is not low enough and some low benefit stu-
dents apply and get rejected. In the Rational expectations equilibrium, when
students know fully their benefit type, no applicant gets rejected in equilib-
rium but the outcome is inefficient because students do not sort according
to their net benefit (but essentially according to their gross benefit). We ap-
proximate the welfare and the quality of admitted students so obtained as
the mass of available seats gets small.

We next move to our main subject of interest, the study of competition for
seats at elite colleges between several communities or neighborhoods. We
start with the competition between asymmetrically knowledgeable neigh-
borhoods. We first consider the case of two symmetric neighborhoods ex-
cept that one relies on coarse expectations and one relies on rational expec-
tations. We show that the neighborhood using coarse expectations receives
fewer seats. We make the same analysis when neighborhoods use rational
expectations but one neighborhood is less informed. We note that the less
informed neighborhood need not end up with fewer seats in general, even
though that is the case when the total mass of available seats is small enough.
We also study the potential benefit of using quotas, which we identify here
with assigning a mass of seats at elite colleges in proportion to the size of the
community. When the total mass of seats is small, we show that quotas are
beneficial in the case one community relies on coarse expectations and the
other uses rational expectations. But it is neutral when all communities use
rational expectations and they are asymmetrically informed.

We also explore competition between two less knowledgeable commu-
nities, this time allowing for asymmetric distributions of types across com-
munities. In this part, we particularize the analysis to the case of a small
mass of seats, and we study how seats are distributed as a function of the
asymmetries across communities and whether quotas could be beneficial for
total welfare and/or for improving the quality of admitted students. In the
case neighborhoods rely on coarse statistics, we note a key role played by the
mean ability in the neighborhood. More precisely, a neighborhood enjoying
a higher mean ability ends up getting comparatively fewer seats. The mean
ability plays no role in the case neighborhoods use rational expectations but
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have incomplete information. We also characterize when quotas can have a
positive welfare effect and observe that the variance of the ability type has
an effect in the case neighborhoods rely on the coarse statistics. By contrast,
quotas are welfare neutral when neighborhoods have incomplete informa-

tion on their benefit characteristic.

Related Literature At some broad level, our insights allow to shed light
on empirical observations such as Hastings and Weinstein (2008) Hoxby and
Turner (2015) or Kapor et al. (2020), which explicitly document various mis-
takes in expectation formation in the field of school choice. On the theory
side, our paper relates to several approaches in behavioral game theory (see
in particular Eyster and Rabin (2005), Jehiel (2005)) to the extent that sam-
pling students can be interpreted as missing the correlation between accep-
tance rate and ability. The approach closest to ours in the context of educa-
tion is Manski (1993) who postulates an additive log-income equation, and
assumes that students infer the returns to schooling by taking the conditional
expectation of log-income. When students omit to condition on ability—
e.g., because they do not observe the ability of their peers—he shows that
more low-ability and less high-ability students enroll in college. Our model
is different in that in our environment there is a strategic interaction across
students due to the scarcity of seats in elite colleges, and students” expecta-
tions concern their admission chances which are affected by the application
strategy of other students, but our analysis of the sampling equilibrium in
the one-neighborhood case shares some similarity with Manski (1993) to the
extent some high ability students refrain from applying and some low abil-
ity students apply and get rejected. However, our main contribution lies in
the multi-neighborhood version of our model and the interaction of neigh-
borhoods either using rational expectations or the sampling heuristic, which
has no counterpart in Manski (1993).*

% Another reference that studies biased belief formation in education choices is Streufert
(2000). While the mechanism he studies and the induced bias are different in the two papers
(in Streufert, it is related to the change of composition of the neighborhood after the educa-
tion choice), another key difference is the equilibrium aspect of our approach, which makes
our approach closer to Manski than Streufert.



2  SETUP

We introduce a stylized model of career choice with strategic students and
rationing at elite colleges. In this Section, we consider a single neighborhood
with a mass of students normalized to 1 and a mass ¢ < 1 of seats at elite col-
leges. Students are parameterized by 6 that represents how much the student
would benefit (in expectation) from being enrolled at an elite college and c
that represents the application cost. The benefit can be decomposed into two
terms 6 = ¢ + w where ¢ is an ability score (say, GPA) of the student and w is
an extra match parameter (as reflected in teacher recommendations, college
essays, extra curricular activities, etc.). In all scenarios analyzed below, we
assume that the student knows his ability score ¢ and his application cost
c. In a large part of the paper, we also assume that he observes his match
parameter w, but in some parts we also discuss the case in which w is not
observed by the student.

For expositional simplicity, we will assume that ¢,w and c are indepen-
dently distributed with smooth densities f, h and g on [, ¢], [w,©] and [0,7],

respectively. We will denote by F, H and G the corresponding cumulative,
and we will assume that f(¢), h(w) and g(0) are all strictly positive (this will
be used in our approximations when we consider the case of a small mass ¢
of seats). When the student fully observes @ (i.e. both ¢ and w), we will refer
to k(-) as the density of 6 with support [0, 6] = [¢ + w, ¢ + ©] where obviously
k(-) can be derived from f(-) and A(-).

Students choose among two occupations: going to a non-selective college
(or directly on the labor market) L, or applying to a selective college C'. That
is, their action set is A = {L, C'}. For a student with benefit type 6, the gross
utility of attending an elite college is U () = 6, whereas we assume that the
utility of going to a non-selective college is U*(f) = 0.” The net utility of a

student with type (0, ¢) is thus given by:
e 0 if the student goes to a non-elite college L.

e O — cif the student applies to C' and obtains a seat.

>One can interpret this as saying that 6 is the extra net benefit of attending an elite college
compared to a non-elite college and that if the student gets rejected from the elite colleges he
can eventually enjoy the benefit corresponding to the non-elite colleges.
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e —cif the student applies to C but does not get a seat.

The description of the model is completed as follows. First, students de-
cide whether or not to apply to C' as a function of what they observe. Then
elite colleges after observing the benefit types ¢ of the applicants fill in their
q seats by accepting the applicants with highest 6.°

A crucial aspect is how students form their expectation about their admis-
sion chance. In one approach, we assume students are not able to fine tune
their expectation to their type, leading them to reason as if the acceptance
rate was the same irrespective of the type. In equilibrium, we require this ex-
pected acceptance rate to match the (equilibrium) aggregate acceptance rate
among applicants. We refer to the resulting outcome as a local sampling equi-
librium, as it can be thought of as a steady state in which new generations
of students would be informed (through local sampling) about acceptance
rate of past generations without further details. We provide several interpre-
tations of the local sampling equilibrium later on after the formal definition
has been introduced.

Our second main approach is the traditional rational expectations setup
for which we will distinguish between the cases in which the student only

observes ¢ or observes both ¢ and w in addition to c.

2.1 Local sampling equilibrium

We present our description of the local sampling equilibrium assuming stu-
dents observe fully (0, c).

A strategy profile 0 : N — AA is a (measurable) function mapping the
set of types into application probabilities. We let o(,¢c) € [0, 1] denote the
probability that student (6, ¢) applies to C.

For any strategy profile, let (o) denote the cutoff such that any student
with ability 6> 6(c) who applies to C is admitted. It is defined as follows:

®Colleges are assumed to fuly observe 6 (i.e. ¢ and w). The extension of our analysis
to the case in which colleges screen applicants based on imperfect signals about applicants’
type 0 is left for future research.



6(c) = § when o
/9 / o (0, ¢)k(0)g(c) dedd < g

Otherwise, §(0) is uniquely defined as the largest 6* such that

/ 9 / (6, k(B)g(c) deds — g

A key object that drives the choice of student (0, ¢) is the subjective prob-
ability this student assigns to obtaining a seat at an elite college conditional
on applying to C. In the sampling equilibrium, this probability p is constant.
Based on p, student (0, ¢) applies to C' whenever:’

pd —c >0

Moreover, in a sampling equilibrium, this p should match the aggregate ac-
ceptance rate of applicants given the strategy o. This leads to the following

definitions.

DEFINITION 1. o is optimal given p if

1 when ¢ <pb
o(0,c) =
0 when c¢> pb

DEFINITION 2. 0 is a local sampling equilibrium if o° is optimal given p® where

P = q/ /09/0605(970)16(0)9(0) dedo.

If the acceptance rate were believed to be 1, every student (6, ¢) such that
¢ < 0 would apply, which would define a sampling equilibrium whenever
Jy k(8)G(9) d6 > q. However, when [, k(6)G(0) df < q, some rationing must

occur. A sampling equilibrium is shown to exist by using the intermediate

"For completeness, we assume that the student applies to C' when indifferent, but how
indifferences are resolved plays no role in the analysis.
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value theorem applied to the the composition of the continuous functions
that first maps the acceptance rate p to the corresponding optimal strategy
and then computes the resulting aggregate acceptance rate from the formula
q / /. f [5 050, ¢)k(0)g(c) de df. To see this more concretely, note that if the ac-
cept;nce rate were very small, only those with very small ¢ would apply, they
would all be accepted, thereby leading to an effective acceptance rate equal
to 1, and as just seen when the acceptance rate is close to 1, there would be
rationing resulting in an effective acceptance rate smaller than 1.

Observe that in a sampling equilibrium students observe their type (6, c)
but their expectation about the admission chance is taken to be the aggregate
admission rate of applicants independently of the benefit type ¢. This expec-
tation is not correct as the true admission outcome depends on 6. It is also
different from the rational expectations equilibrium that we consider later in
a scenario in which students would be partially informed of §. In such an al-
ternative scenario, the application strategy could not depend finely on 6 (as
the benefit type would not be fully observed).

Several interpretations of the sampling equilibrium can be proposed. First,
students while knowking their ability type (GPA) may wrongly believe that
admissions are predominantly based on unrelated factors.® The resulting
steady state would be our above sampling equilibrium viewed as a Berk-
Nash equilibrium (Esponda-Pouzo, 2016) in such a setting with misspecified
prior. Second, and maybe giving extra support to such a form of misspecifi-
cation, the sampling equilibrium can be viewed as a steady state of a multi-
generation education choice setup in which students from a given generation
in addition to observing their type (6, c)would also have access to the admis-
sion outcomes of applicants in the previous generation, but would not have
access to the ability characteristics of those past applicants. Such a feedback
would allow the students from the current generation to form an estimate of
the aggregate acceptance rate, but not of how the acceptance rate depends on
the benefit characteristic.” The sampling equilibrium then assumes that this

8This is in agreement with the narrative in Goodman (2016) according to which students
with high GPA seem unaware they have high chances of being accepted to elite colleges
(when they are not subject to a mandatory admission test).

To simplify matters, we have in mind that the samples are representative so that there is
no variation across students and no estimation error about the aggregate acceptance rate.
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aggregate statistics is used as a proxy to estimate the admission chance irre-
spective of the benefit type and that a steady state has been reached. This is
similar to the approach developed in Manski (1993) when modeling how stu-
dents would form their estimate of the returns to schooling when the ability
of others is not observed.

From a related sampling perspective, one can alternatively assume that
students have access to the benefit characteristics of past applicants (at least
partially). With this view, the sampling equilibrium can be interpreted as
modeling a form of correlation neglect in which students would miss the cor-
relation between admission chance and the benefit characteristic and treat
the two variables as if they were independently distributed. While corre-
lation neglect has been documented and studied in the literature (see for
example Enke and Zimmermann (2019) in an abstract experimental setting
and Rees-Jones and Shorrer (2023) for a study of correlation neglect in the
context of multiple school choice applications), the kind of correlation ne-
glect considered here has not been studied in the literature to the best of our
knowledge."

We believe the sampling equilibrium is particularly appealing in contexts
in which students would have to rely on their own experience to form their
expectations, since in this case it sounds plausible students would not be able
to understand finely how the acceptance probability depends on the benefit
type (and students could more naturally maintain their misconceived per-
ception on how admissions at elite colleges relate to ability). As such, we
believe the sampling equilibrium is likely to capture how students from dis-
advantaged neighborhoods make their education choices whereas students
from more advantaged neighborhoods would likely have access to more pre-
cise statistics, which we will model by endowing the corresponding students

19Tn the working paper we discuss a variant with less extreme form of correlation neglect.
More precisely, we assume that to form an estimate of the admission chance a student with
benefit type 6 considers only those applicants with an ability characteristic in a window
around 6 where the window is adjusted so that the mass of data considered by the student
reaches a pre-defined threshold 7. The sampling equilibrium corresponds to a scenario with
large 7 (so that the entire neighborhood enters the sample) while the rational expectations
equilibrium is approached as 7 converges to 0. While appealing in a number of respects
(such a modeling can be viewed as formalizing in a simple way the bias-variance trade-off),
this more flexible formulation is less tractable than the one adopted here.
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with rational expectations.

Getting to the economics of a local sampling equilibrium, we observe that
two types of mistakes can arise: On the one hand, we see high benefit stu-
dents 6 > 6(o) not applying when ¢ > p°6 whereas they would have been
admitted had they applied. On the other hand, we see low benefit students
6 < 6(o) applying when ¢ < p°0 whereas their application is a pure waste

given that they are rejected.

2.2 Rational expectations equilibrium

When students observe fully (6, ¢), rational expectations require that a (0, ¢)-
student expects that if he applies he will be accepted with probability p%()
where

1 when 6> 6(o)
p(0) =

0 when 6<0(o0)

and 6(o) is as before the benefit threshold above which applicants get ac-
cepted when students follow strategy o.

Thus, in a Rational expectations equilibrium, students with benefit § > 6%
apply whenever 6 > ¢ and those with # < 6% do not apply where 6% is
charactcterized by 6% = 0§ if

/ek(e)e(e) o < q.

And otherwise, 6% is uniquely characterized by

/ 00 0 =

In a rational expectations equilibrium, every applicant is accepted. Yet,
there are inefficiencies because it would have been more efficient to have only
those students with maximal §—c applying whereas in a rational expectations
equilibrium, a student with § > 6% applies (and gets accepted) as long as

¢ < 0% (inducing, for example, a low net benefit when c is close to 6).
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We also consider the scenario in which a student would be less informed
of § and only observe ¢ together with the application cost c. In this case, let
0¢ > @ denote the benefit threshold such that those applicants with 6 > 0¢
get accepted. When knowing ¢, the student expects that by applying he will
be accepted and get ¢ + w whenever w > §° — ¢, which in turn leads him to

apply whenever

c < /w>00_¢(¢ + w)l(w) dw.

Integrating over ¢ to equate demand and supply yields that /¢ = § whenever

[e( [, ereneas) redo<

And otherwise ¢ > 0 is uniquely determined by

/(b G ( / e dw) (1= H(° - ) f(6) do = g.

Remark. We could have considered a scenario in which students do not
observe w and as in the sampling equilibrium rely on the aggregate accep-
tance rate to make their education choices (rather than rational expectations).
We suspect that similar insights as those shown for the sampling equilibrium
with perfect observation of § would arise there, hence our modeling choice
to simplify notation."!

To quantify inefficiencies and measure the quality of admitted students
in the various scenarios considered below, we introduce two aggregate mea-

sures for arbitrary application strategy o(-).

17t should also be mentioned that in such an approach, students should also form expec-
tations about the w they will get if admitted. We could assume that they consider the mean
value of w for this purpose (even if that would require that students know this mean value)
or else more in line with the spirit of our approach, we could require that students have
access to the mean value of w among admitted students in their neighborhood and that they
take this empirical mean as a proxy for the average w they will get if admitted (this would
result in an extra selection bias effect of the sort studied in Jehiel (2018)). An exact analysis
of this is left for future research.
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First, we define the aggregate welfare as

W(o) = /9 i) /0 Eea(e, )k(0)g(c) dedd — /9 ’ /0 o0, )k (0)g(c) de b,

The first term describes the aggregate benefit of admitted students. The sec-
ond term reflects the aggregate application costs of applicants.

Second, we define the average quality of admitted students as

_ ff(a) Jo 00(60,0)k(6)g(c) dedd

M — ‘
fe(g) Jy o(0,¢)k(8)g(c)dcdd

2.3 Small Number of Seats

In a number of our formal results, we consider the case in which the mass ¢ of
seats is small, and, to simplify notation, we normalize 0 = 1. In this case, we
are able to provide closed form approximations to the sampling equilibrium,
the rational expectations equilibrium as well as the associated welfare and
average quality of admitted students.

We start with the sampling equilibrium. Let p(¢) denote the aggregate
acceptance rate when the mass of seats is ¢. Given that a (0, c)-student applies
if ¢ < pb, this acceptance rate p(q) = p is characterized by

p=a/ [ 40)G00) @0

In the next Proposition, we establish that the sampling equilibrium is
unique when ¢ is small and we provide approximations to the admission
benefit cutoff type 0°(g) above which students when applying are accepted,
the admission rate p(q) as well as the welfare IV (¢) and the average ability of
admitted students M (q) in terms of the mass ¢ of seats for arbitrary densities
f, hand g. All proofs appear in Appendix.

PROPOSITION 1. When q is small, there is a unique sampling equilibrium. More-
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ooer

plg) = (ﬁ)l/ +o(q""?)

v = () ( ) e
o - (-5

Mo = 1_§<f(¢)1h(w)) (2%) ) o

To give some roadmap to understand Proposition 1, note first, that p(q)

must be small as ¢ gets small, as otherwise, a significant mass of students
would apply (all those (0, c) with ¢ < pf) leading to a small acceptance rate
when ¢ is small. Second, it is readily verified that 6°(¢) must be close to 1 as
otherwise p = fgls h(0)G (pd) db/ f; h(0)G (pd) db could not be close to 0. We
next use this identity to approxin;ate p in terms of (1 — 6°) (approximating
k() by v2f(#)h(w)(1 — 6) when 6 is close to 1). The rest of the derivations
follow similar approximations. Important features of these approximations
include the observations that 6°(q) gets away from 1 according to a term of

1/4 and that there is a role for E(#) and E(6?) in these approxi-

the order of ¢
mations. That £(¢) plays a role can be seen on the technical side when we ap-
proximate [, k(6)G (pf) d6 by [, pk(6)8g(0) d = pg(0)E(#) when p is small.
At a more economic level, in a gampling equilibrium, even small 6 students
apply when their c is small enough, and this is what makes the distribution
of 0 outside at the very top relevant for the equilibrium characterization.
Consider now the rational expectations equilibrium approach, and let
0%(g) and 6“(q) denote the corresponding admission thresholds when there
are g seats and students observe 6 or when they do not observe w, respec-

tively. We have:

PROPOSITION 2. When q is small and students observe 6, we have in the unique
1/2

rational expectations equilibrium that 0%(q) = 1 — (Wg) + o(q'/?).

When students do not observe w, the rational expectations equilibrium is unique and
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satisfies:

2 3 AP
M(q) = 1——( = CI) +o(q7)
3 \f(9)h(@)*9(0)
Note that in the REE when w is not observed, no student with ¢ < 6¢(q) —
w applies, since such students understand that they have no chance of being

accepted when applying. This is in contrast with the sampling equilibrium in
which a student with type (¢, w, ¢) applies no matter how small ¢ is as long as
¢ < p(q)f. With a symmetric argument, the same logic implies that a student
with a sufficiently high benefit type applies for a much wider range of c in
the REE than in the sampling equilibrium."? This in turn explains why for
a given mass of seats ¢, the acceptance threshold is higher in the REE than
in the sampling equilibrium since the mass of high benefit types is higher
among applicants in the REE than in the sampling equilibrium."

We note also that the welfare in the REE when students do not observe
w is (approximately)  irrespective of the distribution of ¢ and w in contrast
with the finding in the sampling equilibrium (in which E () and E(6%) were
shown to play a role). The welfare approximation in the REE can be under-
stood simply. For any ¢ > 0%(q) —©, the expected chance of being accepted is
(approximately) h(w)(¢ — ¢) and thus a student with ¢ characteristic applies
when ¢ < h(w)(¢ — ¢). On average, this results in a net benefit (benefit dimin-
ished by the application cost) equal to 12(w)(¢ — ¢) (because ¢ spans almost
uniformly values from 0 to h(@)(¢ — ¢) when g(0) > 0). The approximation
of W (q) follows. Since E(6%) < E(6), we have that the welfare is bigger in
the sampling equilibrium than in the REE when ¢ is small. This will be used

12In the case in which the student would observe 6 in the REE, any student with type
0 > 0 applies as long as ¢ < 0% since such a student would be sure to be accepted when
applying.

31t departs from 1 with a distance of the order of ¢!/ in the sampling equilibrium and of
the order of ¢!/ or ¢/ in the REE depending on whether the student observes w.

1/4
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below when analyzing the welfare implications of quotas.'*

3 COMPETING NEIGHBORHOODS

Our main object of interest lies in the study of multiple neighborhoods com-
peting for the same positions. In a given neighborhood, we assume that stu-
dents share the same level of knowledge/understanding of the functioning
of the education system. They either form their application strategy based on
the aggregate acceptance rate observed locally in their neighborhood. This is
similar to the approach developed above for the local sampling equilibrium
where it is the acceptance rate in the neighborhood the student belongs to
that is used to form the student’s expectation.”” Or alternatively, students
have rational expectations. In the latter case, we consider both the scenario
in which students know fully their benefit characteristic § and the scenario
in which only ¢ is osberved about 6.

When a neighborhood either relies on the sampling heuristic or w is not
observed by students in this neighborhood (but rational expectations are
used instead), we refer to the neighborhood as a less knowledgeable one. We
will study the competition between asymmetrically knowledgeable neigh-
borhoods, illustrating the different implications the two forms of imperfect
knowledgeability have on the analysis. We will next study the competition
between two imperfectly knowledgable neighborhoods. In each case, we will
tirst provide a postitive analysis in the absence of any intervention. We will
next discuss the effect of having quotas taking the form of allocating seats to
neighborhoods in proportion of their size. In some of our results, we consider
the case of a small mass of seats making use of the approximations derived
at the end of Section 2.

“We have not provided the welfare approximation in the REE case when students observe
6. This welfare would depend on the entire distribution of c. However, given that the wel-
fare would be approximately ¢/2 whenever 0 is not perfectly observed, this is the welfare ap-
proximation we consider below when discussing the competition between a neighborhood
relying on the sampling heuristic and a neighborhood relying on rational expectations. This
could be approached formally by decomposing w = w; + - - - + w,, and requiring that not all
componnents of w are known by the student.

BFollowing the above sampling interpretation, we are assuming here that the sampling
is restricted to students from the same neighborhood (which can also be viewed as how we
define neighborhood in our context).
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To formalize the questions of interest, we consider a two-neighborhood
setup. Neighborhood i = 1,2 consists of a mass m; of students with benefit
type 0 =¢ + w and application cost type ¢ defined as above. We let f;(¢),
hi(w) and g¢;(c) denote the mass-normalized distribution of (¢,w,c). That is,
(¢, w, c) is distributed according to density m; f;(¢)h;(w)g;i(c) in neighborhood
i.

In neighborhood i, we assume that either students observe ¢ and rely on
the (local) aggregate admission rate among applicants in that neighborhood.
We then refer to such a neighborhood as having type 7; = S. Or else, expecta-
tions are rational and students either observe fully ¢ in which case we refer to
the type of such a neighborhood as 7; = F'R or else students only observe ¢
in which case we refer to the type of such a neighborhood as 7, = CR. When
7, = F'R, we say that neighborhood i is fully knowledgeable while when
7, = S or C'R we say that neighborhood i is imperfectly knowledgeable.

When the number of seats in neighborhood i is ¢;, we refer to o™ (- | ¢;) and
6(c™,q;) as an 7;-equilibrium strategy and the corresponding benefit admis-
sion threshold in this neighborhood, which is determined by the sampling
equilibrium conditions if 7; = S or the Rational expectations equilibrium
conditions if 7, = FR or C'R as defined in Section 2.'°

An equilibrium with competing neighborhoods is formally defined as fol-

lows.

DEFINITION 3. An equilibrium with competing neighborhoods i = 1,2 with type
7; and mass q of seats is a strategy profile (o1, 02) such that there exist ¢, and go

satisfying

1. 0; =c"(- | @) for some T'-equilibrium o™i (- | q;) in neighborhood i with a
mass q; of seats;

2. g1+ q=qand,

3. 0™ (™, q1) = 0™ (0™, qo).

16Given that the mass of students was assumed to be 1 in Section 2, we need to use ¢;/m
as the size-normalized mass of seats in the expressions shown in Section 2 to describe ¢
and 67.
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In equilibrium, given the mass ¢; of seats assigned to neighborhood i, a
corresponding 7;-equilibrium must be played in neighborhood ¢ (condition
1), the total mass of seats should add up to the total mass of available seats
(condition 2), and the admission threshold should be the same in the two
neighborhoods (condition 3). It is this third condition that results from the
selection process being merged between the two neighborhoods that creates
a link between the two neighborhoods. The rest of this Section is devoted to
analyzing the implication of this link as well as whether some public inter-
ventions in the form of quotas could be beneficial in particular for welfare

purposes.

3.1 Asymmetrically knowledgeable neighborhoods

We start our investigation by considering one neighborhood with type 7 =
S that relies on the sampling heuristics for expectation purposes and one
neighborhood with type 7 = F'R being fully knowledgeable. We allow the
two neighborhoods to have different sizes (as size may be thought of as being
an important determinant whether the neighborhood has biased or rational
expectations),'” but we freeze other sources of asymmetry. We have:

PROPOSITION 3. Assume neighborhood 1 with size m, relies on the local sampling
heuristic (i.e., ; = S) and neighborhood 2 with size my is fully knowledgeable (i.e.,
Ty = F'R). Assume the distributions k; and g; of 0; and c; are the same across the
two neighborhoods (these are denoted k and g, respectively with G being the cdf of
g). In equilibrium, neighborhood 1 receives fewer seats per heads than neighborhood
2. That is, ;I- <\ with a strict inequality as soon as there is some scarcity of seats

which arises when q < (my + my) ffG(&)k(@) de.

Proof. Equilibrium conditions write (letting 6* > ¢ be the common bene-
fit threshold for admission and p, the aggregate acceptance rate in neighbor-

7Think of a neighborhood as being disadvantaged because it is under-reperesented.
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hood 1):

m GO = o

*

m [ GORB) b = o
i

where ¢; + ¢2 = ¢ and

1
i / G(psO)k(0) A0 = g1
0

For any 0" and any p; < 1 (some applicants are rejected in 5), the above
conditions trivially imply that ¢2/ms > ¢1/m;. The rest of the proof is easily
completed. Q. E. D.

The intuition for the result is very simple. Only students with benefit
type 0 above the common acceptance threshold §* get accepted. In the fully
knowledgeable neighborhood 2, this implies that any student with § > 6*
applies whenever ¢ < 6. By contrast (when 6* > ), in neighborhood 1, some
students with § < 0* apply (whenever ¢ < p;0) and get rejected. The ac-
ceptance rate p; is thus strictly smaller than 1 (this requires that ¢ < (m; +
ms) f;) G(0)k(0) d). Moreover, in neighborhood 1, students with 6 > 6* only
appl}; when ¢ < p,0, which happens less frequently than in the fully knowl-
edgeable neighborhood due to the p; discounting. The comparative assign-
ment of seats follows.

Going beyond the symmetry assumptions made in Proposition 3 would
make the comparison between ;I- and . hard to derive in general. How-
ever, in the limit in which the total mass ¢ of seats is small, no symmetry is
needed to show that the fully knowledgeable neighborhood receives almost
all seats. As it turns out, this conclusion holds true even if in neighborhood 2
no observation of w is made by students, as long as students rely on rational

expectations. Formally,

PROPOSITION 4. Assume that 7y = S and 75 = FR or CR. In the limit as ¢
goes to 0, neighborhood 2 gets almost all seats as compared with neighborhood 1 in

equilibrium. That is, imZ = 0.
q—092
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This result derives from the approximations obtained at the end of Sec-
tion 2 when the mass of seats is assumed to be small. In neighborhood 1
(with 77 = 5), the admission threshold deviates from 1 in a term propor-
tional to (ql)l/ * where ¢, is the mass of seats obtained in this neighborhood.
By contrast, in neighborhood 2 the admission threshold deviates from 1 in a
term proportional to (¢2)"/* when 7, = FR and proportional to (¢2)"* when
7, = C'R where ¢, is the mass of seats obtained in neighborhood 2. In equi-
librium, the admission threshold must be the same in both neighborhoods.
Given that 2!/ is much bigger than /2 or 2!/ when x is small, the only way
to achieve this is to have that ¢; is much smaller than ¢,, hence the claim in
Proposition 4.

Consider next how seats are assigned between neighborhoods when they
both rely on rational expectations but one of them has less information. That
is, one neighborhood say neighborhood 1 has type 7 = CR and the other
neighborhood 2 has type 7 = F'R. We note that in this case it is not clear that
the less informed neighborhood necessarily ends up having fewer seats per
capita than the fully informed neighborhood, even assuming that the two
neighborhoods are otherwise symmetric as in Proposition 3.

To see this, let f, h and h denote the common distribution of ¢,w and
c in the two neighborhoods. Let §* be the (common) admission threshold
and ¢, ¢» the equilibrium mass of seats obtained by neighborhoods 1 and 2,
respectively. We have:

/:< Gl dw) 1(6) do = ga/my

0*—¢

since in neighborhood 2, student with ability type ¢ applies whenever w >
0* — ¢ and ¢ < ¢ + w (hence the G(6 + w) term).
We also have

[e( [, e ds)a-me o)1) do—n/m

since in neighborhood 1 a student with ability type ¢ anticipates that by
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participating she will get an expected benefit [ _,. (¢ + w)h(w) dw and
thus participates only when ¢ < [ _,. 5(@ + w)h(w) dw (hence the term

G ( Lo 50+ w)l(w) dw)) and that she then gets a seat (she is selected) only
when w > 6* — ¢ (hence the term (1 — H(6* — ¢))).

In the special case, in which there would be no scarcity of seats (that is,
§* = 0 implying that H (6" — ¢) = 0 for all ¢), the second condition simplifies

[e( [, orome ) o do=a/m.

And when G is concave, Jensen’s inequality yields that ¢;/m; > ¢2/mo, as

into:

promised.

So in the absence of scarcity of seats we would have that the less informed
neighborhood has more seats per capita than the fully informed neighbor-
hood when the cumulative distribution of the application cost is concave.
Allowing for some scarcity of seats still leads to the same comparison be-
tween ¢;/m; and ¢2/msy (by a continuity argument) in some cases, thereby
illustrating the sharp contrast with the insight derived in Proposition 3 when
in neighborhood 1 students were assumed to observe their benefit type fully
but were instead assumed to rely on the local aggregate admission rate to
decide on their application strategy.

Moving to the case of a small number of seats, we can however establish:

PROPOSITION 5. Assume that 7y = CR and 1o = FR. In the limit as q goes to 0,
neighborhood 2 gets almost all seats as compared with neighborhood 1 in equilibrium.

That is, imZ = 0.
q—092

This result follows again from the approximations derived at the end of
Section 2. Since for a given (small) mass of seats ¢; (resp.¢2) the admission
threshold in neighborhood 1 (resp. 2) departs from 1 by a term that is propor-
tional to (Ch)l/ ’ (resp. (q2)1/ %), the only way to equate the admission threshold
in the two neighborhoods is to have that ¢; is much smaller than ¢, hence the
claim in Proposition 5.

Thus, in the case of a small mass of seats, we obtain that a less knowledge-
able neighborhood gets much fewer seats than a fully knowledgeable neigh-
borhood whether less knowledgeable means less informed (Proposition 5) or
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relying on the sampling heuristic (Proposition 4). We have also established in
this limit that a neighborhood using the sampling heuristic would get much
fewer seats than a neighborhood having incomplete information but relying
on rational expectations (Proposition 4).

To conclude this subsection, we now investigate, for the case of a small
mass q of seats, the effects of quotas on welfare and on the quality of admit-
ted students. By quotas, we mean here allocating a mass of seats to neighbor-
hood i in proportion to its size, i.e., imposing that ;I- = -I2. But any alterna-
tive definition of quotas that would favor the neighborhood receiving fewer
seats per head in the laissez-faire case would yield the same conclusion. We

have:

PROPOSITION 6. When neighborhood 1 relies on the local sampling heuristic (11 =
S) and neighborhood 2 relies on rational expectations (and is not perfectly informed
of 0, say 7, = C'R), imposing quotas is good for total welfare and bad for the average
quality of admitted students when the total mass of seats q is small.

This results from the approximations derived at the end of Section 2.
More precisely, for welfare, it is more efficient to allocate a bigger mass of
seats to neighborhood 1 than neighborhood 2 because the marginal effect on

welfare of increasing the mass of seats is bigger in neighborhood 1 than in
E(63)
2E(922)
the comparison goes the other way because the admission threshold is fur-

neighborhood 2 (since 5 < 1 —

). For the quality of admitted students,

ther away from 1 in neighborhood 1 than in neighborhood 2 for comparable
masses of seats in the two neighborhoods. Given that in laissez-faire, neigh-
borhood 1 would get almost no seats (Proposition 4), the result of Proposition
6 follows. It should be mentioned that in Proposition 6 we have assumed that
in neighborhood 2 students do not know their ability type fully. Since the re-
sult holds no matter how small the part they do not observe is, we feel fair
to extend the insight of this Proposition to the case in which students would
almost perfectly observe their type in neighborhood 2, thereby covering in
the limit the case in which =, = F'R.

By contrast, we have that when both neighborhoods rely on rational ex-
pectations, total welfare is unaffected by how seats are assigned between the
two neighborhoods (since the marginal effect of increasing the mass of seats
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is the same in both neighborhoods). In other terms, quotas seem overall ben-
eficial for welfare purposes when the less knowledgeable neighborhood is
modeled as relying on the sampling heuristic, but not when it is modeled as

having inferior information.

3.2 Symmetrically knowledgeable neighborhoods

In this part, we consider the case of competition between two less knowl-
edgeable neighborhoods and our interest lies in understanding how asym-
metries in the distribution of characteristics affect how seats are distributed
among the two neighborhoods. We will also analyze the effect of quotas in
such environments. Throughout this part (and for tractability reasons), we
restrict ourselves to the case of a small mass ¢ of seats.

We start with the case of two neighborhoods relying on the local sampling

heuristic. In the laissez-faire case, we have:

PROPOSITION 7. As q gets small and 7y = 5 = S, the equilibrium with competing

neighborhoods is unique and characterized by

5 - my (£i(8)1(@))" 9:(0)/ B ()

= — 2 — 2 +0(q).
mi (f1(¢)h1(@))" 91(0)/E(61) + ma (f2(d)ha(w)) 92(0)/E(92>q @

Moreoever, quotas in the form of allocating seats in proportion to the size of the
neighborhood is welfare-improving whenever arg min; ( f;(4)h; (w))2 gi(0)/E(6;) =
E(6?)

arg min; B

The first part of Proposition 7 describing seat allocations is derived straight-
forwardly using the approximations derived at the end of Section 2. While
it is expected that the densities of f;, h;, and g; around ¢, wand 0 respec-
tively would play a role (since ¢ is assumed small), a distinctive feature of
the competitive equilibrium when neighborhoods rely on the local sampling
heuristics is the role played by the mean benefit E(6;) in the two neighbor-
hoods. Freezing the differences in terms of f;(¢), hi(w) and g;(0) across the
two neighborhoods, Proposition 7 implies that the neighborhood with the

larger mean benefit, i.e. arg max; F(6;) obtains fewer seats per capita than the
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neighborhood with lower mean benefit. This is so because there are more ap-
plicants in the larger mean benefit neighborhood, which in turn results in a
lower aggregate acceptance rate in this neighborhood. As a result, high ben-
efit students apply at a lower rate in the larger mean benefit neighborhood,
which overall leads this neighborhood to end up with a smaller mass of seats
per capita. Regarding quotas, we can infer from the approximations in Sec-

tion 2 that allocating more seats to the neighborhood i with lower value of
E6?)
E(6:)
wardly from how seats are allocated in laissez-faire.'®

is welfare-enhancing. The welfare effect of quotas follows straightfor-

In our next result, we consider the case of neighborhoods relying on ra-

tional expectations but in which students are uninformed of w.

PROPOSITION 8. As g gets small and 1 = 1o = CR, the equilibrium with com-
peting neighborhoods is unique and characterized by

4 = m; fi(¢)hi(@)2g;(0)

RO @Pn0) + mah@h@n0 T

Moroever, quotas have no effect on welfare.

Again, Proposition 8 follows from the approximations derived at the end
of Section 2. We note that in this scenario, it is only the distributions of ¢ and
w around ¢ and @ respectively that matter. This is different from the finding
in Proposition 7 in which the mean benefit in the various neighborhoods was
shown to affect how seats are assigned between neighborhoods. That quotas
have no effect on welfare is due to the observation made in the approxima-
tion results that no matter how ¢, w and c are distributed the marginal effect
of increasing the mass of seats in a neighborhood with type 7 = C'R is in-
variably 1/2. In this case, assigning seats in proportion to the size of the
neighborhood can be assessed for its redistributive merits and it is readily
verified that quotas would also have a negative effect on the average quality
of admitted students.

8In particular, we note that when f;(¢), h;(@), g;(0) are the same across neighborhoods,
quotas can be welfare-enhancing if the lower mean benefit neighborhood has a variance of
benefit sufficiently higher than that of the larger mean benefit neighborhood.
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4 CONCLUSION

Our study has revealed a novel channel through which disadvantaged com-
munities (viewed as having coarse expectations about the admission odds
because of lack of access to sufficiently detailed statistics) may end up be-
ing hurt relative to advantaged communities in terms of effective access to
elite colleges. While standard policy instruments such as quotas may par-
tially compensate for this and have a beneficial overall effect on total welfare,
an alternative policy may consist in trying to de-bias the expectations used
in such communities through appropriate interventions. Making admission
tests mandatory as suggested by Goodman (2016) is such an intervention,
and it has been shown to have a significant effect on education choices. Our
analysis suggests that focusing on and improving such interventions is of
vital importance to improve the self-selection of talented students into elite
colleges.
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PROOFS

Proof of Proposition 1

Step 1. (p — 0 as ¢ — 0): By contradiction, suppose that there exists b
with p > b > 0 for all ¢, then all (6, ¢) such that ¢ < b apply to C. The mass of
applicants m(q) is no smaller than m* = Pr(c < b0) (and m* > 0 where use is
made of the full support assumption). But then p(¢) = i — 0 and we geta
contradiction.

Step 2. (Approximation of p in terms of 6°): We have

Q

using a 1st order Taylor approximation of G around 0. This approximation
also implies that #° — 1 as ¢ — 0 to ensure that p — 0 (from Step 1). This in
turn implies that (using k(6) ~v/2f(¢)h(w)(1 — ) when 6 is in (%, 1)):

IR - 6%
P="Ew) 2

where [K'(1)] = V2f(¢)h(@).

Step 3. (Approximation of * in terms of ¢):

0)0do

Q

0 = [ )G ) as
| +mgto)
0S

pa(0) (K (1) L=

Q
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using the approximations G(pf) ~ pfg(0), and k(6) ~ |k'(1)|(1 — 0) for 6 €
(65,1).
Combining with the approximation of p, we get

)P g(0) (1—6%)*
7 T E®) 4

Writing 0* in terms of ¢, we get

e U (EON o
r =1 () 0 e

Step 4. (Approximation of p in ¢): From steps 3 and 4 we get

q 1/2
= —— +o0 q1/2 .
v~ (Goem)
Step 5. (Approximation of W (q)): We have

Wi(q) = /01 0k(0)G (pb) db — /01 k(0) [/OW cg(c)dc} do

S

_ pS\2 1 202
~ 9w [0 ke

2
N E(6%)
~ 1T oR0)1

- (5

using the above approximations.
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Step 6. (Approximation of M (g)): We have

Jys Ok(0)G (p6)do
s K(0)G(p0)dd
2

~ 1—=(1-06°
20-0°)

=15 (W) ) <2§<(g>)q) oy

using the above approximations. O

M(q) =

Proof of Proposition 2
When students observe fully their benefit, a (6, ¢) student applies when-
ever § > 6% and ¢ < 0. Equating supply and demand implies

_(1—en)?

i~ @@

from which we get

2

GR 2 1/2
0=~ (emaent) "

When students do not observe w, let 8¢ be the admission threshold and
let ¢ = 6 —@. A (¢, ¢) student if applying expects to be admitted whenever
w > 09 — ¢ and so applies (noting that when ¢ is small ° must be close to 1
and thus ¢ and w must be close to ¢ and @ to be admitted). whenever ¢ > 6¢
and ¢ < (W — 0 + ¢). Equating demand and supply yields:

¢
S (@)@ =07+ 0 (h(@)"9(0)dd = g

which after integration yields

S(1= 69 F(3) (1 @) 9(0) = g
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and thus

Cly 1 3 V3 o(d\/3
=1 (f@h(w)?g(mq) +ola™).

Welfare and the average benefit of the admitted student can then easily
be obtained as:

5 3 1/3
M(q) = 1——( — Q> +o(q"?)
3 \f(@)h(w)?g(0)
0
Proof of Proposition 4.
. 12 1 9me)q \ V4
From Proposition 1, we have that 0%(¢;) ~ 1 — ( f@lh@> (mlg(g)l>

where ¢ is the mass of seats obtained in neighborhood 1.

1/2
— R ~ 2 i
When 7, = FR, we have that 07(¢s) ~ 1 — <f($)h(w)a(1)m2 qg) where ¢, is
the mass of seats obtained in neighborhood 2.
Equating 0°(q1) = 6%(¢q2) and imposing that ¢; = ¢» (as required in equi-
librium) implies that lim,o & = 0, as required.

1/3
When 7, = CR, we have that 0“(¢;) ~ 1 <f@h(w)29(o)m2 q2> and we

obtain similarly that lim,_,, Z—; = 0 in this case. O

Proof of Proposition 7 and 8. The proofs of these results follow straightfor-
wardly from the expressions found in Propositions 1 and 2 and in the laissez
faire case the requirement that the admission threshold is the same in both
neighborhoods. O
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