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Abstract
The early admission programs are an essential part of the admission process at selective universities in US. Recent empirical Þndings show that early admission standards are lower than
regular admission standards. This gives rise to concerns about ineﬃciency in the selection of
students that might be caused by early admission programs. This paper studies the university
admission process, focusing on how universities and students pursue their goals and how eﬃcient
the resulting outcome is. This paper shows that the early admission program may arise as an
equilibrium phenomenon, and diﬀerent admission standards result from an individual university’s optimal choice to improve the selection of students. If universities have imperfect and
independent observations of students’ qualities, an adverse selection problem arises in the admission process. Among the admitted students in one university, the better quality students are
more likely to be admitted by other universities and less likely to matriculate at this university.
This results in a lower average quality of matriculating students than of admitted students.
The early admission program will screen the students who will surely matriculate and enable a
university to treat them diﬀerently. This paper also shows that the overall selection of students
may improve with diﬀerent admission standards in contrast to what is commonly believed.
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Introduction

University admission is a process which decides who will get a post secondary education opportunity at which institution. Given the limited resources of post secondary education, this is a very
important process to society as well as to an individual student and university. For students, the
outcome of this process will aﬀect their future prospects. Literature deals with the question how
∗
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the quality of college an individual attends aﬀects the earning prospect (Brewer, Eide, and Ehrenberg (1999), Behrman, Rosenzweig, and Taubman (1996) among others), and these studies show
there exists a signiÞcant advantage in attending an elite college1 . Regardless of these studies, it
is a publicly prevalent belief that attending an elite college will give a student a more successful
career and there is a growing interest in attending selective colleges2 . From the universities’ point
of view, this process will determine the talents of their freshman classes, and there is vast anecdotal
evidence that they care very much about attracting the most talented pool of students they can.
Finally, from a social point of view, this process will determine the allocation of higher education
resources, and we believe that an eﬃcient allocation system should feature assortative matching:
more able students should go to better universities.
Taking the importance of these issues as given, this paper will study the admission process
at selective universities in the US, concentrating on how universities and students pursue their
objectives and how eﬃcient the resulting outcome is. In particular, this paper will focus on a key
feature of the universities’ admissions strategy, the early admission program.
The early admission program is a part of the university admission process. Under the early
admission program, students will apply earlier and consequently get the admission result earlier
than regular admission period. There are two kinds of early admission programs. One is early
decision, and the other is early action. Early decision requires students to commit to matriculate if
admitted, while early action has no such requirement. Additionally, universities limit application
opportunities of students in the early process. That is, a student can apply to only one university
in the early application cycle.
The importance of the early admission program is evident from the composition of the freshman
class. Figure 1 shows the fraction of the freshman class admitted through early admission programs
in several highly selective colleges. We can see that around 40-50% of the freshman class in these
colleges are Þlled by early applicants.
The key feature of the early admission program is that the matriculation rate is higher than in
the regular process. Table 1 shows the average matriculation rate at 14 selective colleges according
to Avery, Fairbanks, and Zeckhauser (2002). The matriculation rate is virtually 100% under early
decision and even in early action it is signiÞcantly higher than in regular admission.
Matriculation Rate
Early Action
Early Decision
1

Early
67.9%
95.8%

Regular
42.5%
31.0%

(1)

There also exists a dissenting study by Dale and Krueger (2002). This shows that the quality of college measured
by average SAT score of students does not aﬀect future earnings. However, the quality of college in a diﬀerent measure
(net tuition cost) does aﬀect it.
2
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Figure 1:
Recently, a lot of public attention has been paid to the early admission program, which was
initiated by the book by Avery, Fairbanks, and Zeckhauser (2002). In their book, Avery et al
exploit a unique data set and show that early admission standards are lower than regular admission
standards. That is, a student’s chance of being admitted at a given college are greatly increased if
the student applies early.
These Þndings are viewed as a cause for concern, because they suggest that at the margin the
university is admitting less qualiÞed students through early admission instead of more qualiÞed
students in the regular process. Thus, if universities increase the early admission standard a little
bit and decrease regular admission standard a little bit, they will admit more qualiÞed students at
the margin.
This seemingly irrational choice of universities is justiÞed in several ways3 . The most common
rationalization is that universities also care about their reputation, and their reputation is aﬀected
by selectivity and yield. Selectivity measures the proportion of applicants who are admitted, while
yield measures the proportion of admits who actually matriculate. These two statistics are often
reported in college guides as a proxy of students’ preferences over universities and popular ranking
institutions use these statistics. Since the matriculation rate is higher in early admission, universities
can improve these two statistics by admitting more students in the early process. By improving
3
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these statistics, it is argued, universities hope to increase their prestige and it will help to attract
better students in future. This argument is designed to accommodate the notion that universities
are willing incur a cost in terms of quality of matriculants in order to signal their quality to an
external observer.
However, it is debatable whether this notion of lower quality of students as a costly signal is
what drives early admissions. First, in popular ranking like US News and World Report, the sum of
the weights associated to these statistics comprises less than 4% of ranking grade. This low number
may reßect the knowledge that universities can manipulate this signal4 . If, for example, prospective
students could observe what fraction of current students were admitted early, the signal would lose
its power. Moreover, one would have to explain why universities would want to use this relatively
costly instrument of signalling their quality instead of other less socially wasteful instruments.
This paper proposes a very diﬀerent explanation of early admissions. In this paper, universities
admit early to lessen the competition for talented students. The main force behind the emergence
of early admissions is that universities want to avoid matriculating the lemons, i.e., those students
who are not admitted by the competitors. During early admissions, universities consider a pool
of students that, by deÞnition, are not applying to any other university, and thus matriculants
from this pool are not rejects from other universities. In other words, regular admissions give rise
to a kind of winner’s curse: the university knows that it will matriculate the student only when
the university rates the student more highly than all its competitors. This leads the university to
discount the student’s signal during regular admissions.
In these circumstances, it is in the interest of universities to try to lessen competition by allowing
students to apply for early decision. The key feature of the strategy is that the student can only
apply to one university, and so the university does not suﬀer the winner’s curse eﬀect. We therefore
show that in some circumstances it is an equilibrium for universities to engage in early admissions.
Note that this story accommodates the observed disparity in standards between early and
regular admissions. Indeed, given a pool of applicants a university wants to equalize the expected
ability of the marginal matriculant (and not of the marginal applicant), and therefore the university
should set a lower threshold for early admissions than for regular admissions.
In addition, this model has a strong testable implication: the average quality of the marginal
matriculant in the early process should be the same as that in regular admissions. This implication
would diﬀerentiate this model from the signalling models discussed before, because in those models
the quality of the marginal matriculant in early admissions is a cost of signaling and is therefore
lower than the quality of the marginal matriculant in regular admissions.
As we have seen, it is individually rational for a university to use early admissions to skim from
4
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the pool of students. This argument suggests that there exists a negative externality from engaging
in early admissions, and this is that the pool of applicants for competing universities deteriorates.
This argument suggests that early admissions may not be beneÞcial for the university sector as a
whole. We show, however, that there is a countervailing eﬀect of a statistical nature which works
in the opposite direction, and this can actually make early admissions beneÞcial by (a) improving
the allocation of talent to better universities, and (b) increasing the fraction of students who are
matched to the university for which they have an idiosyncratic preference.
The paper is organized as follows. Section 2 explains the model and section 3 will analyze it.
The outcomes with and without early admission program will be compared in section 4. Section
5 describes the diﬀerence of outcome when considering early decision and early action. Section 6
brießy talks about the eﬀect on students’ welfare. The model will be extended to a general number
of universities in section 7. Section 8 discusses the validity of a key assumption and some possible
alternative theories. Related literature will be discussed in section 9, and section 10 will conclude.

2

Model

2.1

Applying Students

There are a unit mass of students. Students are endowed with his or her type (academic ability)
t which can be either good (G) or bad (B). The mass of students with good type is γ, which is
common knowledge.

2.2

Universities

There are two universities U1 and U2 . The size of the class in each university is C, which is
exogenously given. I will assume that total size of the class is less than that of applying students,
and so there are always positive mass of students who fail to enter any university.
2C < 1
The mass of students who fail to go to university is 1 − 2C. We can also interpret the students who
are not admitted to either university as those going to non-selective universities.

2.3

Preferences

Universities want to attract more talented students and prefer students of good type. Universities
also prefer a state where their class sizes are exactly Þlled, and a large cost is involved when there
exist vacancies or over-enrollment of class5 . Therefore, universities try to maximize the proportion
5
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of type G students in their classes as long as they fulÞll the given class size.
Students have two kinds of preferences over the universities. While group 1 students prefer U1 to
U2 , group 2 students prefer U2 to U1 . SpeciÞcally, a group 1 (2) student will get utility Vh when he
goes to U1 (U2 ), and Vl when he goes to U2 (U1 ), where Vh > Vl > 0. The utility level is normalized
to 0 when a student fails to get admitted. We consider these two universities are similarly ranked
in academic capacity. The masses of group 1 students and group 2 students are assumed to be the
same, which are equal to 1/2. The heterogeneity of students’ preferences result from other factors
such as each university’s location and environment.

2.4

Information

In the admission process of each university, students’ types are not directly observed. Students will
submit a set of records and universities will infer the students’ types by reviewing these records.
In the model, universities observe a signal, but not the type itself. I will assume that the reviewing
technologies of both universities are the same in the sense that the signals of the same student are
drawn from the same distribution in both universities.
Even though the students’ submitted records are usually similar in both universities, the inferred
types can be diﬀerent between universities since their reviewing processes are independent. That
is, the realized signals in two universities can be diﬀerent6 . In the model, it is assumed that the
signals of the same student are conditionally independent between universities7 .
SpeciÞcally, there are a continuum of signals. A signal s is realized from the common support
[0, 1] which has a continuous density function f (s|t) conditioned on a student’s type t (and distribution function F (s|t)). The distribution of the signal is assumed to satisfy the monotone likelihood
ratio property (MLRP). That is,
f (s0 |G)
f (s|G)
≥
for all s0 > s.
0
f (s |B)
f (s|B)
I will also assume that a student’s type is not known to himself either and no private information
about students’ types is involved in the model.

2.5

Admission Process (Early Admission Program)

In the early process, the deadline of application is usually Nov 1 and the admission decision is made
by mid December. In the regular process, these dates are January 1 and mid March. In the model,
two admission periods (early and regular admission) are given and universities will decide whether
to utilize the early admission period by adopting the early admission program.
6
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In the regular process, students can apply to as many universities as they want. Moreover, in
the model, we assume that there is no application cost8 .
There are two kinds of early admission programs used; one is early action (EA) and the other
is early decision (ED). The main diﬀerence between two programs is that early decision requires
students to commit to enroll once they are admitted while early action doesn’t. According to the
oﬃcial guidelines of NACAC (National Association of College Admission Counseling), the number
of applications is not restricted in the early process, either. That is, students can apply to as many
places as they want in early applications as long as they don’t apply to two or more universities
with early decision. However, most of the elite universities with early action defy this guideline and
restrict the students’ application opportunities9 , which we call early action with single choice. In
the main model and analysis, we will think of early admission programs as early decision. With two
universities, this also restricts the students’ early application opportunities. Then we will consider
early action with single choice and how this change will make the main analysis diﬀerent. As will
be clear in analysis, we do not consider early action without restricting application opportunities
since it does not have any eﬀect except for making the admission process happen early. Early action
with single choice will have no eﬀect when adopted by one university, but will have the same eﬀect
as early decision when adopted by both universities.
When a student applies early and does not get admitted, he may be deferred to the regular
application pool and reconsidered. In the model, I will assume that all the students who are rejected
will be deferred to regular admission. Then, a student does not have to apply to the same university
again in the regular process if he didn’t get admitted in the early process. Even though there is
reconsideration, the signal observed by the university does not change. That is, a student will show
one signal at one university.

2.6

Time Line

The time line of the model will be as follows.
1. Universities simultaneously decide whether to adopt an early admission program.
2. Admission process
2-1 Early admission
8
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2-1-1 If at least one university adopts an early admission program, students will decide
whether to apply early and where to apply.
2-1-2 Any university with an early admission program observes the signal of early applicants and makes admission oﬀers which are binding.
2-2 Regular admission
2-2-1 Students who did not apply early or failed to get admitted in the early process will
apply in the regular process.
2-2-2 Universities observe the signal of regular applicants and make admission oﬀers simultaneously.
2-2-3 Students decide whether to accept the admission oﬀers.

2.7

Eﬃciency of Admission Process

We assume the outcome of the admission process is more eﬃcient if more G type students are
admitted to either of universities. There is a belief behind this that more able students should go
to universities. If we interpret students who don’t go to either university as those going to nonselective universities, this eﬃciency standard indicates that assortative matching (that is, more able
students should go to better universities) is more eﬃcient.

3

Analysis

In the Þrst stage of game, each university can choose whether to adopt an early admission program
or not. Therefore, they are in the following 2 × 2 game situation.
N
E

No early admission program (N)
case 1
case 2

Early admission program (E)
case 2
case 3

As can be seen in the game matrix, after universities’ choice there are three possible cases (or
subgames); 1) No universities adopt an early admission program, 2) One university adopts it while
the other doesn’t, and 3) Both universities adopt it. I will Þrst analyze the equilibrium outcome
and universities’ payoﬀs in each subgame. Then we can Þgure out the payoﬀ structure of the Þrst
stage game and the equilibrium of it.

3.1
3.1.1

Analysis of Subgames
No Universities Adopt an Early Admission Program

In this subgame, there is no early admission stage and we just consider regular admission period.
8

We Þrst consider students’ decisions. Students should decide 1) where to apply and 2) whether
to accept admission oﬀers after university’s admission decisions. In the Þrst decision, students will
apply to both universities since there is no application cost. In the second decision, there are two
possible cases; 1) an admission oﬀer from one university only or 2) admission oﬀers from both
universities. If a student gets only one admission oﬀer, he will accept it since attending a university
is better than not. If a student receives admission oﬀers from both universities, he will accept the
one from his preferred university. Group 1 student will accept the admission oﬀer from U1 while a
group 2 student will do the opposite.
Given the described students’ decisions, universities will make admission decisions to Þll the
given class size C and to maximize the proportion of type G students in the class. First thing to
notice is that the optimal admission decision of the universities should be a cut-oﬀ rule to maximize
the proportion of type G students because of MLRP assumption. Therefore, universities’ admission
decisions can be summarized in a cut-oﬀ signal b
c, which means that admissions will be oﬀered to
all students with a signal higher than b
c. The level of this cutoﬀ will be determined to Þll the class
size C.
Consider U1 for example. Given U2 ’s admission cutoﬀ b
c2 , U1 will set its own admission cutoﬀ b
c1
so that the mass of students who matriculate (accept the admission oﬀer) is exactly C. Consider
students’ matriculation decisions. Group 1 students will matriculate once admitted while group
2 students will matriculate only when they are not admitted to U2 . The mass of matriculating
students in U1 is, therefore, the sum of the mass of group 1 students who get a higher signal than
b
c1 and that of group 2 students who get a higher signal than b
c1 and a lower signal than b
c2 in U2 .
1
C = {γ[1 − F (b
c1 |G)] + (1 − γ)[1 − F (b
c1 |B)]}
2
1
c1 |G)]F (b
+ {γ[1 − F (b
c2 |G) + (1 − γ)[1 − F (b
c1 |B)]F (b
c2 |B)}
2

(2)

Note that the mass of students who matriculate is also aﬀected by U2 ’s admission cutoﬀ. If U1
keeps the same admission standard, then the mass of students who get admission oﬀers from U1
is the same. However, as the U2 ’s admission standard changes, the mass of group 2 students who
get an admission oﬀer from U2 will change. Consequently, the mass of matriculating students will
also change. Therefore, as U2 ’s admission standard changes, U1 ’s optimal admission standard to
Þll the class size will also change following the equation (2). This equation can be thought of as
U1 ’s reaction curve10 .
Similarly, we can think of U2 ’s reaction curve. If we interchange b
c1 and b
c2 in equation (2), we
will have U2 ’s reaction curve.
10

Even though I call this a reaction curve, this equation does not involve a serious decision process. Rather, it is
more like an accounting identity to reach the correct class size.
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Figure 2: No Universities Adopt Early Admission Program
The equilibrium of the subgame is a combination of students’ optimal decisions and universities’ optimal admission decisions which are consistent with one another. In the above discussion,
students’ optimal decisions are already described. Therefore, for simplicity we can denote the
equilibrium as a pair of universities’ admission standards (b
c1 , b
c2 ) which satisfy both universities’
reaction curves. From here on, we follow this custom.
Figure 2 shows the reaction curves of both universities. The equilibrium of this subgame is the
intersection of these two.
Consider U1 ’s reaction curve. First thing to note is that it is increasing. Even though both
group 1 and group 2 students applied to U1 , they don’t necessarily matriculate when admitted.
The eﬀective pool of applicants for U1 , who will matriculate if admitted, is 1) group 1 students
and 2) group 2 students who fail to get an admission oﬀer from U2 . As b
c2 increases, more group 2
students fail to get an admission oﬀer from U2 and the mass of eﬀective applicants will increase.
When U1 sets the same admission standard, more students will matriculate. To achieve the desired
class size, U1 should increase the admission cut-oﬀ b
c1 . Therefore, the reaction curve is increasing.
Also, this reaction curve should cut through 45 degree line. Since U1 should admit a positive mass
to Þll the desired class size, b
c1 is lower than 1 in its highest when b
c2 = 1. b
c1 is lowest when b
c2 = 0,
1
but is still larger than 0 since the desired class size is less than 2 . U2 ’s reaction curve is the mirror
image of U1 ’s reaction curve around the 45 degree line, and it is also increasing and cut through 45
degree line.
Since two curves cut through 45 degree line, the equilibrium, which is an intersection of two
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curves, must exist. Since two reaction curves are mirror images of each other around the 45 degree
line, the equilibrium (or equilibria) must be symmetric. When b
c1 = b
c2 = b
c, the equilibrium
condition can be written as
c|B)]2 = 1 − 2C
γ[F (b
c|G)]2 + (1 − γ)[F (b

(3)

which is obtained by rewriting (2). That is, the mass of students who fail to get an admission from
either university is 1 − 2C. As b
c increases, this mass strictly increases. Therefore, the equilibrium
is unique as in Þgure 2.
Proposition 1 When no universities adopt an early admission program, there exists a unique
equilibrium which is symmetric. The equilibrium satisÞes (3).
Note that group 1 and group 2 students have diﬀerent types on average conditioned on that
they matriculate at U1 when they show the same signal. When signal s is observed, the probability
of this student’s being a type G is
γf (s|G)
=
γf (s|G) + (1 − γ)f (s|B)

γ f (s|G)
(1−γ) f (s|B)
.
γ f (s|G)
(1−γ) f (s|B) + 1

This probability doesn’t change for group 1 students when it is conditioned on the matriculation
at U1 since all students will matriculate if admitted. However, this probability changes for group
2 since they matriculate at U1 only when they are rejected by U2 . The fact that they matriculate
at U1 carries the information that they have been rejected by U2 . This probability for group 2
students conditioned on matriculation at U1 is
γf (s|G)F (b
c2 |G)
=
γf (s|G)F (b
c2 |G) + (1 − γ)f (s|B)F (b
c2 |B)

c2 |G)
γ f (s|G) F (b
1−γ f (s|B) F (b
c2 |B)
.
c2 |G)
γ f (s|G) F (b
+
1
1−γ f (s|B) F (b
c2 |B)

For later use, I emphasize that this probability is dependent only on the ratio of good type to bad
type students at the given signal. Also, group 1 students will have a better type on average than
group 2 students when they show same signal since this ratio is higher.
f (s|G)
f (s|G) F (b
c2 |G)
>
f (s|B)
f (s|B) F (b
c2 |B)
This comparison comes from the diﬀerent acceptance behaviors. For group 2 students, the average
type of matriculants is worse than that of admitted students since type B students are more likely
to matriculate than type G students, which I call adverse selection. If a university can distinguish
group 1 students from group 2 students, its admission decision can take into consideration this
adverse selection for group 2 students. That is where universities will have an incentive to adopt
an early admission program.
11

3.1.2

Only One University Adopts an Early Admission Program

For expositional convenience, I will consider U1 as the university adopting an early admission program in this section. There will be an early admission for U1 in this subgame. The students’
decisions are the same as before in the regular process. On top of it, students also have to decide
whether to apply early to U1 or not. These decisions are dependent on what the universities’ admission standards will be in the early and regular period. University’s optimal admission standards
are also dependent on students’ application decisions. This interdependence of optimal decisions
on either side will complicate the analysis.
First thing to note is that applying early to U1 is a dominant strategy for group 1 students.
The relevant admission standard for early applicants is the lower one between early and regular
admission standards since students will be deferred and reconsidered in the regular process if not
admitted in the early process. Therefore, applying early will weakly increase the chance of getting
admitted to U1 . Moreover, for group 1 students, it is not a cost to waive the chance of application
for U2 when admitted to U1 since they prefer U1 to U2 .
On the other hand, group 2 students should weigh the beneÞt and cost of early application. It
will increase the probability of getting admitted to U1 , but once admitted they will lose the chance
to apply to their preferred university, U2 . If U1 ’s early admission standard is lower than its regular
admission standard, we cannot exclude the possibility of an equilibrium in which some of group 2
students will apply early to U1 . From now on, we will restrict our attention to the equilibrium in
which only group 1 students will apply early to U1 . This equilibrium will exist if the value of going
to the preferred university, Vh is large enough relative to Vl . Then group 2 students’ cost of early
application is so large that they will not apply early to U1 .
For universities’ decisions, the optimal admission standard should be a cut-oﬀ rule and it can be
denoted by the cut-oﬀ signal as in the former subgame. The diﬀerence is that U1 can set diﬀerent
admission standards for early and regular applications, b
cE
cR
1 and b
1 (superscripts denote early and
regular admission respectively).
The equilibrium of this subgame is also a combination of students’ optimal decisions and universities’ optimal decisions which are consistent with one another. Since we pinned down the students
application decisions by the assumption on Vh and Vl , for simplicity we omit the students’ decisions
part in an equilibrium description as in the former subgame. Then the equilibrium outcome can
be denoted by the universities’ admission cut-oﬀ signals (b
cE
cR
c2 ).
1 ,b
1 ,b
Now, we think about what the optimal admission cutoﬀs of both universities should be. First,
consider U2 . Given U1 ’s admission standard, U2 will set its admission cutoﬀ to Þll the class. Group
1 students will matriculate at U2 only if they fail to get admitted to U1 and they will be rejected by
U1 when they are rejected both in the early and regular process. Group 2 students will matriculate
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once admitted. Therefore, group 1 students showing lower signal than min{b
cE
cR
1 ,b
1 } at U1 and higher
signal than b
c2 at U2 , and group 2 students showing a higher signal than b
c2 , will matriculate at U2 .
1
c2 |G)]F (min{b
C = {γ[1 − F (b
cE
cR
c2 |B)]F (min{b
cE
cR
1 ,b
1 }|G) + (1 − γ)[1 − F (b
1 ,b
1 }|B)}
2
1
c2 |G)] + (1 − γ)[1 − F (b
c2 |B)]}
+ {γ[1 − F (b
2

(4)

This expression is exactly the same as U2 ’s reaction curve in the previous subgame except that b
c1
E
R
is replaced with min{b
c1 , b
c1 }.
Similarly, U1 will set its admission cutoﬀs to Þll the class. Group 1 students, who apply early,
will matriculate at U1 if they show a higher signal than min{b
cE
cR
1 ,b
1 }. Group 2 students, who apply
in the regular process, will matriculate if they show a lower signal than b
c2 at U2 and a higher signal
R
than b
c1 at U1 .
1
cE
cR
cE
cR
C = {γ[1 − F (min{b
1 ,b
1 }|G)] + (1 − γ)[1 − F (min{b
1 ,b
1 }|B)]}
2
1
cR
c2 |G) + (1 − γ)[1 − F (b
cR
c2 |B)}
+ {γ[1 − F (b
1 |G)]F (b
1 |B)]F (b
2

(5)

Note that diﬀerent combinations of b
cE
cR
c2 . U1 will choose
1 and b
1 can satisfy (5) with the same b
the combination which maximizes the proportion of type G students in the class.
We should also note that U1 will not take U2 ’s admission standard as given since U1 sets its
early admission standard before U2 sets its admission standard. That is, U1 can commit to its
early admission standard, which can potentially aﬀect U2 ’s admission standard. This commitment
is eﬀective when b
cE
cR
cE
cR
cE
cR
1 ≤b
1 . Moreover, the outcome with b
1 >b
1 is the same as that with b
1 =b
1
R , min{b
E, b
R}
and we only need to consider the case when this commitment is eﬀective. If b
cE
>
b
c
c
c
1
1
1
1
is replaced with b
cR
in
(4)
and
(5).
Then,
U
’s
early
admission
standard
is
irrelevant
of
the
outcome
1
1
and universities’ decision problems are the same as in the section 3.1.1. The outcome is also the
cR
same and this outcome can be represented by the case b
cE
1 =b
1.
cR
cE
cR
Lemma 1 Any outcome with b
cE
1 > b
1 is the same as the outcome with b
1 = b
1 . Therefore, we
E
R
can restrict our attention to the case b
c1 ≤ b
c1 .

Now, U1 ’s decision problem is to set its early and regular admission standards, b
cE
cR
1 and b
1 , to
E
maximize the proportion type G students among matriculating students with restriction b
c1 ≤ b
cR
1.
In its decision, U1 should also satisfy (5) to Þll the class and consider its decision’s eﬀect on U2 ’s
admission standard b
c2 through (4). Therefore, U1 ’s decision problem can be summarized as
max

b
cE
cR
c2
1 ,b
1 ,b

¤ £
¤
ª
1 ©£
γ 1 − F (b
cE
cR
c2 |G)
1 |G) + 1 − F (b
1 |G) F (b
2
cR
subject to b
cE
1 ≤b
1 , (4) and (5)
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(6)

The solution of this problem is also an equilibrium of this subgame.
In this subgame, U1 can commit to the early admission standard b
cE
1 considering it will determine
U2 ’s admission standard b
c2 . In other words, this case is a sequential game and U1 acts as a leader.
We can also think of the static game of a similar kind. In this static game, U1 will choose its early
and regular admission standards taking U2 ’s admission standard as given. For now, we will think of
the equilibrium of this static game as a benchmark. The analysis of this static game is also useful
in the analysis of the next subgame.
The Benchmark Static Game In the static game, U1 will set the admission standards to
maximize the mass of type G students in the class taking U2 ’s admission standard as given. To do
that, U1 will set the admission standards so that the marginal matriculants in each admission period
should have the same probability of being type G students. If these probabilities are diﬀerent, U1
can change the cutoﬀs a little bit in both application periods to admit marginal students with
higher probability of being type G.
Since this probability is a function of the ratio of type G students to type B students as
mentioned in the section 3.1.1, these ratios should be the same for marginal matriculants in both
admission periods. When we observe a signal s in the early application, the ratio of type G students
γ f (s|G)
to type B students is 1−γ
f (s|B) . If we observe a signal s in the regular application, this ratio will
be

c2 |G) f (s|G)
γ F (b
1−γ F (b
c2 |B) f (s|B) .

They should be the same at the cut-oﬀ signal11 .
f (b
cR
c2 |G)
f (b
cE
1 |G)
1 |G) F (b
=
.
E
R
c2 |B)
f (b
c1 |B)
f (b
c1 |B) F (b

12

(7)

In the static game, U1 ’s optimal decision is jointly determined by (5) and (7) taking U2 ’s
admission standard b
c2 as given. U2 ’s optimal decision is still determined by (4). Therefore, the
equilibrium of this benchmark game is a triple (b
cE
cR
c2 ) satisfying (4), (5), and (7)13 .
1 ,b
1 ,b
11

This is true if the cutoﬀs are interior. If the cutoﬀs are not interior and cbR
1 = s, i.e. U1 Þlls out the class with
early applicants only, then the following inequality must be satisÞed.
f (b
cE
f (b
cR
c2 |G)
1 |G)
1 |G) F (b
≥
E
c2 |B)
f (b
c1 |B)
f (b
cR
1 |B) F (b

12

This can be also thought of as the Þrst order condition of the following problem.
i h
i
o
1 nh
cE
cR
c2 |G)
max γ 1 − F (b
1 |G) + 1 − F (b
1 |G) F (b
2
c
bE
cR
1 ,b
1
cR
subject to b
cE
1 ≤ b
1 and (5)

Note that it is diﬀerent from (6) in that it does not have (4) as a constraint. That is, U2 ’s admission standard is
taken as given.
13
Here we also omit the students’ optimal decisions as a part of an equilibrium description.
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In the equilibrium of this benchmark static game, the early admission standard is lower than
the regular admission standard. Equation (7) shows why this is the case. The ratio of type G and
f (b
cR |G)
type B students among marginally admitted students in the regular process is f (bcR1 |B) . This ratio
1

f (b
cR |G)

(b
c2 |G)
of marginal matriculants is f (bcR1 |B) FF (b
c2 |B) since the regular applicants, who are group 2 students,
1
will matriculate only when they are rejected by U2 . Since type B students are more likely to be
(b
c2 |G)
rejected by U2 ( FF (b
c2 |B) < 1), this ratio decreases after students’ matriculation decision. That is,
there is an adverse selection problem in the regular admission process. If U1 wants to optimize
(b
c2 |G)
the selection of admitted students, FF (b
c2 |B) will disappear in (7) and early admission standard will
be the same as regular admission standard. However, since U1 wants to optimize the selection of
matriculants, early admission standard should be lower than the regular admission standard.
To graphically represent the equilibrium as in section 3.1.1, we will investigate both universities’
reaction curves. U1 ’s reaction curve is jointly determined by (5) and (7) while U2 ’s is by (4). As
mentioned before, U2 ’s reaction curve is the same as in section 3.1.1 except that b
c1 is replaced with
E
R
E
min{b
c1 , b
c1 } = b
c1 . However, the shape of U1 ’s reaction curve needs more explanation. Note that
U1 ’s reaction curve decides two variables b
cE
cR
c2 . For graphical representation,
1 and b
1 as a function of b
from here on, we consider U1 ’s reaction curve as the graph of optimal b
cE
c2 .
1 as a function of b
E
R
We Þrst compare the optimal b
c1 and b
c1 with the optimal admission standard without the early
admission program given U2 ’s same admission standard. This will show where the reaction curve
lies compared with the old reaction curve (2) of the former subgame. If we set b
cE
cR
c1 in
1 = b
1 = b
(5), this equation becomes the same as the old reaction curve (2). The desired class size is Þlled
but not in a way to maximize the average type. From (7), we know it is better for U1 to lower the
standard for early applicants and increase it for regular applicants. Therefore, given the same b
c2 ,
E
R
the optimal admission standards for U1 will satisfy b
c1 ≤ b
c1 ≤ b
c1 , and U1 ’s reaction curve lies on
E
the left side of the old reaction curve. b
c1 is equal to b
c1 only when b
c2 is 0 or 1. If b
c2 is 0, all regular
applicants will be admitted to U2 and no one in group 2 will accept the oﬀer from U1 . U1 should
Þll the class only with early applicants who are group 1 students. If b
c2 is 1, no regular applicants
will reject the oﬀer from U1 since they do not receive an oﬀer from U2 . Because there is no adverse
selection in the regular application process, the optimal admission standard should be the same in
both periods.
Also we can see that U1 ’s optimal early admission standard b
cE
c2 . As b
c2 increases,
1 is increasing in b
group 2 students who fail to get an admission oﬀer from U2 show higher signals on average and
consequently are of a better type. With the same signal, this change will increase the proportion
of type G students. This will lead U1 to lower the regular admission standard, and the mass of
students admitted through regular process will increase. To maintain the class size, U1 will decrease
the mass of students admitted through early admission by setting the early admission standard b
cE
1
higher. Therefore, in U1 ’s reaction curve, b
cE
is
increasing
in
b
c
.
More
rigorously,
we
can
deÞne
2
1
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Figure 3: U1 Adopts Early Admission Program; The Benchmark
c2 , b
cE
the implicit function b
cR
1 = ϕ(b
1 ) in (7). This function is decreasing in the Þrst argument and
increasing in the second argument. If we plug this function into (7), it deÞnes U1 ’s optimal b
cE
1 in
E
response to b
c2 . As b
c2 increases, the second term in (7) increases. To satisfy the equation, b
c1 should
increase.
Figure 3 shows the reaction curves of U1 and U2 in b
cE
c2 plane. The equilibrium of the bench1 -b
mark game is the intersection of these two reaction curves. I put the U1 ’s old reaction curve in
the Þgure for comparison. As mentioned before, U2 ’s reaction curve is the same as in Þgure 1 even
though the horizontal axis shows a diﬀerent parameter. U1 ’s reaction curve is increasing and on
the left side of the old reaction curve.
Even though the Þgure shows the case where there is a unique equilibrium, we cannot exclude
the possibility of multiple equilibria in this benchmark game. In the Þgure, it is always possible that
two reaction curves intersect more than once. The following example shows why this is possible.14
Example 1 The fraction of type G students γ is 12 . The desired class size C is 181
456 . There are
three possible signals H, M , and L (high, middle, and low respectively). The conditional probability
of each signal on each type is as in the following table. It is easy to check this satisÞes the MLRP
14

This example does not exactly coincide with the model because the conditional density function of the signal is
not continuous. But it clearly shows why the multiplicity is not avoidable.
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assumption.
G
B

H

M

L

1
2
1
3

1
3
1
3

1
6
1
3

As in the text, U1 adopts an early admission program while U2 does not.
We consider U1 ’s optimal admission strategy. To do that, we calculate the ratio of type G students
and type B students in the early and regular admission process. The ratio of type G students to type
B students with signal M in early applications is 1 = 1/3
1/3 regardless of U2 ’s admission standard.
Suppose U2 oﬀers admission to everyone with signal H or M . This ratio of students with signal
1/6
H in the regular process is 34 = 1/2
1/3 1/3 . Therefore U1 oﬀers admission to a student with signal M
in the early process prior to one with signal H in the regular process. Suppose U2 oﬀers admission
to students showing H only. Then this ratio of students with signal H in the regular process is
1/2 1/3+1/6
9
8 = 1/3 1/3+1/3 . Therefore, U1 oﬀers admission to a student with signal H in the regular process
prior to students with signal M in the early process. These ratios for students with M in the early
process and with H in the regular process are the same when U2 oﬀers admissions to students with
H always and students with M with probability 12 . In that case, U1 is indiﬀerent between admitting
students with H in the regular process and students with M in the early application process.
Consider these two outcomes. First, U2 ’s admission standard is M with probability 12 (that is, U2
gives admission oﬀer to students with H for sure and with M with probability 12 ), and U1 ’s early
admission standard is M with probability 12
19 and regular admission standard is H with probability 1.
Second, U2 ’s admission standard is M with probability 383
570 , and U1 ’s early admission standard is M
90
with probability 1 and regular admission standard is H with probability 293
. Algebra will show that
both universities achieve the desired class size. In both cases, U1 ’s admission standard is optimal
given U2 ’s standard. Therefore, both are equilibria.
If the class size C is a bit smaller than 181
456 , there will be three equilibria; 1) U2 ’s admission standard
1
is M with probability less than 2 , and U1 ’s early admission standard is M with some probability
and regular admission standard is H with probability 1, 2) U2 ’s admission standard is M with
probability 12 , and U1 ’s early admission standard is M with some probability and regular admission
standard is H with some probability, 3) U2 ’s admission standard is M with probability greater than
1
2 , and U1 ’s early admission standard is M with probability 1 and regular admission standard is H
with some probability.
As shown in example 1, U1 ’s optimal regular admission standard is not always increasing in
response to U2 ’s admission standard, and that is why there can be multiple equilibria.
Figure 4 shows the case in which multiple equilibria exist in the benchmark game. There are
three equilibria in the Þgure labeled as E10 , E100 , and E1000 and the triples of admission standards in each
equilibrium are (b
cE0
cR0
c02 ), (b
cE00
cR00
c002 ), and (b
cE000
cR000
c000
1 ,b
1 ,b
1 ,b
1 ,b
1 ,b
1 ,b
2 ) respectively. The early admission
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Figure 4: Multiple Equilibria when U1 Adopts Early Admission Program: The Benchmark
standard of U1 and the admission standard of U2 are lowest at E10 and increase as we move to E100
and E1000 .
The Þgure doesn’t give any direct information about U1 ’s regular admission standard, but it
can be inferred once the equilibrium b
cE
c2 are determined. The total mass of students who fail
1 and b
to get an admission oﬀer from either university should be the same in all three equilibria. That is,
¤
1£
c2 |G) + (1 − γ)F (b
cE
c2 |B)
γF (b
cE
1 |G)F (b
1 |B)F (b
2
¤
1£
c2 |G) + (1 − γ)F (b
cR
c2 |B)
+
γF (b
cR
1 |G)F (b
1 |B)F (b
2

1 − 2C =

which is obtained from (4) and (5). From the above expression, we know the regular admission
standard of U1 should be lower if other equilibrium admission standards are higher. Therefore, the
regular admission standard of U1 is highest at E10 and decreases as we move to E100 and E1000 .
These three equilibria are Pareto ranked from universities’ viewpoints. As the early admission
standard of U1 gets lower, the eﬀective pool of applicants for U2 will get worse and consequently
the selection of the students. U2 prefers an equilibrium with a higher early admission standard of
U1 . Likewise, U1 prefers an equilibrium with higher admission standard of U2 . In the Þgure, E1000
Pareto improves E100 and E100 Pareto improves E10 .
The Relationship between the Equilibria of the Benchmark Static Game and of the
Original Sequential Game Now we think about the relationship between the equilibria of the
18

benchmark game and of the original subgame.
First, U2 ’s decision problem does not change. Therefore, the equilibrium of the original game
should lie on U2 ’s reaction curve.
The diﬀerence between the two is U1 ’s decision. In the benchmark game, U1 will take U2 ’s
admission standard as given. In the original game, however, U1 will set its early admission standard
considering its eﬀect on U2 ’s admission standard. As U1 lowers its early admission standard, U2 ’s
admission standard will decrease. This change will have a negative feedback to U1 . The eﬀective
pool of applicants for U1 in the regular process, who are rejects by U2 , will decrease in mass and get
worse in its average type. Thus, it will hurt the selection in the regular process. Considering this
negative feedback, U1 will set its early admission standard higher than in the benchmark game.
If there exist multiple equilibria in the benchmark game, U1 ’s equilibrium early admission
standard in the original game is higher than the highest equilibrium early admission standard in
benchmark game. Consider the case illustrated in Þgure 4 for example. Note that any point on
U2 ’s reaction curve can be implemented by U1 ’s decision. Now consider E1000 and any point below
on U2 ’s reaction curve. As U2 ’s admission standard gets lower, U1 will face a less favorable eﬀective
pool of applicants. That is, E1000 will give a better eﬀective pool of applicants to U1 than any point
below. Moreover, at E1000 , U1 makes the optimal selection given the eﬀective pool of applicants.
Therefore, U1 prefers E1000 to any point below on U2 ’s reaction curve. Considering the negative
feedback mentioned before, U1 ’s equilibrium early admission standard should be higher than that
of E1000 .
By lemma 1, we restrict our attention to the case b
cE
cR
cE
cR
1 ≤ b
1 . When b
1 = b
1 , the outcome will
be the same as in section 3.1.1, i.e. b
cE
c. Therefore, in Þgure 4 the equilibrium of this subgame
1 =b
should lie on the U2 ’s reaction curve between E1000 and 45 degree line. That is, b
cE
c2 ≤ b
c. The
1 ≤ b
Þgure doesn’t directly show what the regular admission standard of U1 is, but it can be inferred
that it should be higher than b
c. If it were lower than b
c, the mass of students who do not get an
admission oﬀer from either university would be larger than 1 − 2C.
Proposition 2 When one university (U1 ) adopts an early admission program, the equilibrium
(b
cE
cR
c2 ) is the solution of programming problem (6).
1 ,b
1 ,b
U1 ’s early admission standard is lower and regular admission standard is higher than the admission
standard when no universities adopt an early admission program. U2 ’s admission standard is higher
than U1 ’s early admission standard and lower than the standard without an early admission program.
b
cE
c2 ≤ b
c≤b
cR
1 ≤b
1

In this subgame, the equilibrium is analyzed on the condition that only group 1 students will
apply early to U1 . As mentioned above, if Vh is large enough relative to Vl , then it is optimal for
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group 2 students not to apply early to U1 and this kind of equilibrium will exist. The following
inequality speciÞes the exact condition required.
£
¤
£
¤
cR
cE
c2 |B) F (b
cR
cE
γF (b
c2 |G) F (b
Vh − Vl
1 |G) − F (b
1 |G) + (1 − γ)F (b
1 |B) − F (b
1 |B)
£
¤
£
¤
≥
Vl
γ [1 − F (b
c2 |G)] 1 − F (b
cE
c2 |B)] 1 − F (b
cE
1 |G) + (1 − γ) [1 − F (b
1 |B)

The beneÞt of applying early is that it will increase the probability of getting an admission oﬀer
from U1 in the event that one couldn’t get an admission oﬀer from U2 . The cost of it is that one
will get Vl instead of Vh in the event that one could get an admission oﬀers from both universities.
If Vh is large relative to Vl , then the cost will be larger than the beneÞt.
3.1.3

Both Universities Adopt an Early Admission Program

In this subgame, there will be early admission for both universities. Students’ decisions in the
regular admission period are still the same. Additionally, they should decide whether to apply
early and if they apply early, where to apply. As in the former subgame, applying early to the
preferred universities is a dominant strategy for students. It will weakly increase the chance of
getting admitted to the preferred university without decreasing the chance of getting admitted to
the less preferred university. Therefore, group 1 students will apply early to U1 while group 2
students to U2 . They will apply to their less preferred universities in the regular application if not
admitted in the early process.
Universities’ optimal admission decisions are still given by a cut-oﬀ rule. Each university will
choose two admission cutoﬀs, early and regular admission standards.
The equilibrium of this subgame is combination of students’ decisions and universities’ admission
decisions. If we omit the description of students’ decisions as in the analysis of former subgames,
the equilibrium is summarized in a quadruple of admission standards (e
cE
cR
cE
cR
1 ,e
1 ,e
2 ,e
2 ).
Universities decide their early admission standard simultaneously and their decision problems
are very similar to U1 ’s in the benchmark game in section 3.1.2. Consider U1 ’s admission decision
for example. Given U2 ’s early admission standard, U1 will set the admission standard so that
it should achieve the desired class size and maximize the proportion of type G students in the
class. Therefore, U1 ’s admission cutoﬀs are determined by (5) and (7) except that b
c2 is replaced by
E
R
min{e
c2 , e
c2 }. Note that U2 ’s regular admission standard is always lower than its early admission
standard in its optimal decision. Therefore, U1 ’s reaction curve is the same as that of benchmark
game replacing U2 ’s admission standard b
c2 with its early admission standard e
cE
2.
E
E
Figure 5 shows these reaction curves on e
c1 -e
c2 plane and the equilibrium of this subgame is
the intersection of them. These reaction curves are exactly the same as U1 ’s reaction curve of the
benchmark game in Þg 3 except that the parameter of vertical axis is now U2 ’s early admission
standard.
20

E
cˆ2

1

E2

1

E
cˆ1

Figure 5: Both Universities Adopt Early Admission Program
Since these reaction curves are the mirror images of each other around 45 degree line, only
cR )
symmetric equilibrium is possible. Therefore, the equilibrium can be deÞned as a pair (e
cE , e
which satisÞes
γF (e
cE |G)F (e
cR |G) + (1 − γ)F (e
cE |B)F (e
cR |B) = 1 − 2C
(8)
f (e
cR |G) F (e
cE |G)
f (e
cE |G)
=
f (e
cE |B)
f (e
cR |B) F (e
cE |B)

(9)

which is a rewriting of (5) and (7).
By the same reasoning as in the former subsection, it is possible that there are multiple equilibria. The same example will illustrate this.
Example 2 Everything is the same as in example 1 except for the class size C. Now suppose the
desired class size is 38 . Consider the following two outcomes. Since both universities’ admission
standards are the same, I will use early and regular admission standard without denoting which
university’s.
First, the early admission standard is M with probability 12 and the regular admission standard is
H with probability 1. Second, the early admission standard is M with probability 1 and there is
no regular admission. Algebra will show both outcomes will achieve the desired class size and each
university’s standard is optimal given the other’s.
If the class size is a bit less than 38 , then there will be three equilibria; 1) the early admission
standard is M with probability less than 12 and the regular admission standard is H with probability
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Figure 6: Multiple Equilibria when Both Universities Adopt Early Admission Program
1. 2) the early admission standard is M with probability 12 and the regular admission standard is
H with some probability less than 1. 3) the early admission standard is M with probability higher
than 12 and there is no regular admission.
Figure 6 shows the case of multiple equilibria. The early admission standard is lowest at E20
and increases as we move to E200 and E2000 . As mentioned in the analysis of the benchmark game, the
regular admission standard should increase as we move from E20 to E200 and E2000 . These equilibria
are Pareto ranked in the same way as before. As the other university’s early admission standard
gets higher, the pool of applicants for the university gets better in type and consequently the
eventual selection of the university also improves. Therefore, E2000 Pareto improves E200 and E200
Pareto improves E20 .
In the Þgure, equilibria when both universities adopt an early admission program lie in the
left side of the Pareto best solution of the benchmark game in the former section. We know that
the equilibrium when only U1 adopts the early admission program involves higher early admission
standard of U1 than the benchmark game. Therefore, for any equilibrium when both universities
adopt an early admission program, the equilibrium early admission standard (e
cE ) is lower than
U1 ’s early standard (b
cE
1 ) when only U1 adopts an early admission program.
Proposition 3 When both universities adopt an early admission program, there exist only symmetric equilibria (e
cE , e
cR ) which satisfy (8) and (9). When there exist multiple equilibria, these
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equilibria are Pareto ranked. The equilibrium with highest early admission standard is Pareto best.
For any equilibrium when both universities adopt an early admission program, the equilibrium early
admission standard is lower than that when only one university adopts an early admission program.

3.2

e
cE ≤ b
cE
c2 ≤ b
c≤e
cR
1 ≤b

The Game of Adopting Early Admission Program

In the Þrst stage of the game, universities have to decide whether to adopt an early admission
program or not. Since we have analyzed all subgames after these decisions, the equilibrium outcome
of the whole game comes down to that of 2 × 2 game of adopting early admission program. This
game can be represented in a matrix form.
N
E

No early admission program (N)
a, a
b, c

Early admission program (E)
c, b
d, d

(10)

To analyze this game, we should Þgure out the inequality relationships among those payoﬀs. These
relationships are determined by comparing the average type of matriculating students at each
university.
First thing to note is that adopting an early admission program involves a negative externality.
That is, a university’s payoﬀ will decrease when the other university adopts an early admission
program (a ≥ c, b ≥ d). Consider the case when U1 adopts an early admission program. Without
any early admission program, all students apply to U2 . But the eﬀective pool of applicants for U2 is
all group 2 students and group 1 students who fail to get admitted to U1 . When U1 adopts an early
admission program, it lowers its admission standard for group 1 students (b
cE
c in proposition
1 ≤ b
2). This will make the eﬀective pool of applicants for U2 smaller in size and worse in average type,
and therefore U2 will be worse oﬀ. We can use the same reasoning as before to show b ≥ d. When
U2 adopts an early admission program, it will lower its admission standard for group 2 students
(e
cE ≤ b
c2 in proposition 3). This will make the eﬀective pool of applicants for U1 smaller in size
and worse in average type.
Second, when the other university does not adopt an early admission program, a university will
have a Þrst mover advantage by adopting it and will get better oﬀ (b ≥ a). The university adopting
an early admission program can always implement the same outcome as when no university adopts
an early admission program by equating its early and regular admission standards. Therefore, the
subject university will always be better oﬀ.
The inequality relationship between c and d is not determined. Consider U2 adopts an early
admission program when U1 already has it. Given the same eﬀective pool of applicants, adopting
an early admission program will help to improve the selection. However, there also exists a negative
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feed back in it. When U2 adopts an early admission program, it will set its early admission standard
lower than its admission standard before (e
cE ≤ b
c2 in proposition 3). This will decrease the mass
and deteriorate the average type of regular applicants for U1 . In response, U1 will try to admit more
students in the early process setting its early admission standard lower (e
cE ≤ b
cE
1 in proposition 3).
This will worsen the eﬀective pool of applicants for U2 . Therefore, the relationship between c and
d is dependent on the relative size of the positive and negative eﬀect.
If d ≥ c, then adopting an early admission program is a dominant strategy for both universities
and it is an equilibrium that both universities adopts an early admission program. However, this
does not give information whether this will worsen the overall selection of both universities, which
we are interested in. In the next section, we will make a direct comparison between a and d.

4

The Outcome Comparison between with and without the Early
Admission Program

We will compare the average type of matriculating students between when no universities adopt an
early admission program and when both universities adopt it. Since the equilibrium is symmetric,
we can just compare the average types of all admitted students regardless of university. Alternatively, we can just compare the average type of students who do not get an admission oﬀer from
either university. If the average type of these students is worse, then that of matriculating students
is better.
In both cases, students have two opportunities to get admitted to universities. With an early
admission program, a student is tested in the early process, and if failed, is tested again in the
regular process at the other university with the higher admission standard. Therefore, a student
is tested twice with diﬀerent standards. Without an early admission program, a student is tested
by both universities with the same standard. A student will not go to universities if he fails in
both trials. Therefore, the comparison between the payoﬀs a and d is the comparison between the
outcomes of selection with the same cut-oﬀ and with diﬀerent cutoﬀs.
To facilitate the comparison, we can think of an imaginary statistician’s problem as to what is
the optimal way to set the standards in this situation. We will investigate this problem and get
some inferences about the comparison of payoﬀs a and d.

4.1

Statistician’s Problem

There are two available trials, each of which generates a signal which comes from an iid distribution.
The students will pass if they get a higher signal than the cut-oﬀ in one of the trials. The only
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thing the statistician can do is to set the cut-oﬀ standard of each trial 15 . Let these two standards
be cE and cR . The mass of students who pass in one of trials should be equal to 2C, sum of the
class size, or the mass who fail in both trials should be equal to 1 − 2C.
γF (cE |G)F (cR |G) + (1 − γ)F (cE |B)F (cR |B) = 1 − 2C

(11)

The Þrst term is the mass of type G students who fail in both trials while the second term is that
of type B students. Satisfying this constraint, the statistician wants to maximize the mass of type
G students among those who pass or alternatively minimize the mass of type G students among
those who fail. Therefore, the statistician’s problem is
min

cE ,cR ∈[0,1]

F (cE |G)F (cR |G)

(P)

subject to (11)
We can reformulate the problem using the change of variable technique. We deÞne
x = F (cE |G) and y = F (cR |G)
This will deÞne the cutoﬀ standard as a function of x and y. We also deÞne the function h(x).
h(x) = F (F −1 (x|G)|B)
Then we can rewrite the programming problem (P) as
min xy

x,y∈[0,1]

(P’)

subject to γxy + (1 − γ)h(x)h(y) = 1 − 2C
The function h (x) is the probability-probability plot (PP plot). With MLRP assumption, the
PP plot reßects the informativeness of signal structure16 . The MLRP of signal structure will also
restrict the shape of h(x).
Lemma 2 MLRP implies that the PP plot h(x) is concave. Moreover, the graph of h(x)h(y) = k
is convex.
Proof. In the Appendix

k0 ,

Figure 7 shows an example of the graph of xy = k, which is the solid line and that of h(x)h(y) =
which is the dashed line. We can Þnd the x∗ which satisÞes γx∗2 + (1 − γ) [h(x∗ )]2 = 1 − 2C,

15

The optimal way of selection is, of course, to use the combination of signals in both trials. However, that is not
allowed in this statistician’s problem.
16
See Jewitt (1997)
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Figure 7: A Graph of the Contraint in Statistician’s Problem
and set k = x∗2 and k0 = [h(x∗ )]2 . Then the two graphs meet on the 45 degree line. Note that the
slope of these two graphs on the 45 degree line is always equal to −1. Therefore these two graphs
are tangent on the 45 degree line. The graph of constraint in problem (P’), which is dotted line,
is between these two graphs. The graph of xy = k can be thought of as an indiﬀerence curve and
the optimal standard is the point on constraint which achieves the lowest level of the indiﬀerence
curve. If (x, y) is the solution of the problem, then (y, x) is also a solution. So we restrict our
attention to the case x ≤ y. In Þgure 7, the optimal value of x should lie between x∗ and x∗∗ .
Even though MLRP imposes some structure on the problem, this is not enough to restrict the
type of solutions. Especially, it is possible that we have a corner solution, which is shown in the
following example.
Example 3 Suppose that the fraction of type G students, γ is 12 . There are two signals g and b.
The conditional probability is as follows.
G
B

g

b

1
2
1
3

1
2
2
3

5
5
The desired class size C is 24
. Therefore, the statistician should select 12
(= 2C) mass of students.
In the corner outcome in which the statistician use only one test, students with signal g will be
5
selected in that test. Then, the mass of students who will pass is 12 · 12 + 12 · 13 = 12
. The mass of
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Figure 8: Corner Solution in Statistician’s Problem
type G students who are not selected is 14 .
In any other outcomes, both tests will be used. In the Þrst test students with signal g will be selected
with probability x, and in the second test those with signal g will be selected with probability y. The
7
mass of students who are not selected should be 12
and the pair x and y should satisfy
1 1 1
1 1
1 2 1
2 1
7
[ + (1 − x)][ + (1 − y)] + [ + (1 − x)][ + (1 − y)] =
2 2 2
2 2
2 3 3
3 3
12
If we simplify it, 1 − x = 39−17(1−y)
17+13(1−y) . Using this and with some arithmetic manipulation, the mass
of type G students who are not selected is
1 1 1
1 1
1 11 + 13(1 − y) − 2(1 − y)2
[ + (1 − x)][ + (1 − y)] =
2 2 2
2 2
2
17 + 13(1 − y)
We can show that this is greater than 14 for 0 ≤ 1 − y ≤ 1. This shows the corner outcome is the
one which minimizes the mass of type G students who are not selected.
This is illustrated in Þgure 8. In the corner solution where y = 1, everyone fails in one of trials,
and the optimal way of selection is to select students using one trial only. Even though there exists
one more informative signal, it might be better to ignore it in this situation.

4.2

The Solution of Statistician’s Problem and the Outcome Comparison

It is obvious that the outcome with an early admission program is worse than that without the
program if the solution of the statistician’s problem is x = y. In this case, the best outcome is
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achieved when no universities adopt early admission program. In this case, as example 4 shows,
the game of adopting an early admission program can be a prisoner’s dilemma game.17
Example 4 Suppose that the fraction of type G students γ is 12 . The conditional distributions are
given by the following density functions.
f (s|G) = 2s, f (s|B) = 2(1 − s)
The class size C is 0.3.
When no universities adopt an early admission program, the equilibrium is b
c ≈ 0.584. The mass of
type G students in each university among the matriculating students is about 0.221 .
When U1 adopts an early admission program while U2 doesn’t, the equilibrium is b
cE
1 ≈ 0.518,
R
b
c1 ≈ 0.700, b
c2 ≈ 0.564. The mass of type G students in U1 among the matriculating students is
about 0.224. The mass of type G students in U2 among the matriculating students is about 0.216.
When both universities adopt an early admission program, the equilibrium is e
cE ≈ 0.474, e
cR ≈ 0.744.
The mass of good type students in each university among the matriculating students is about 0.218.
The outcome without the early admission program is better than the outcome with it. If we summarize this result in game matrix (10),
b>a>d>c
and this is a prisoner’s dilemma game. An early admission program is adopted by both universities
and it will make both universities worse oﬀ.
However, this game is not always prisoner’s dilemma game. If the statistician’s problem has a
corner solution as in Þg 8, the equilibrium when both universities adopt an early admission program
is also at the corner. That is, there will be no regular admission in equilibrium and the class is Þlled
only through early admission. Therefore, the outcome with the early admission program improves
upon the outcome without the early admission program (d
/ > a). Adopting an early admission
program is a dominant strategy, and it is the equilibrium that both universities adopt it.
To see why this is the case, we will think about the relationship between the solution of the
statistician’s problem and the equilibrium outcome when both universities using the early admission
program. We can see that the early admission standard in the equilibrium outcome is always lower
than the optimal solution of the statistician’s problem. If it is interior, the optimal solution of
statistician’s problem will satisfy
y
h0 (x) h(y)
= 0
.
x
h (y) h(x)
17

The logic of the prisoner’s dillemma in this model is quite diﬀerent from existing views.
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If we use the original notation, this means
f (cE |G) F (cR |G)
f (cR |G) F (cE |G)
=
.
E
R
f (c |B) F (c |B)
f (cR |B) F (cE |B)
If we decrease the cutoﬀ in one trial cE a little bit, newly selected students are the ones who
are rejected by the other trial. Those who are already selected in the other trial are not aﬀected
by the change of the cutoﬀ in this trial. Therefore, the ratio of type G to type B of marginally
(cE |G) F (cR |G)
selected students in this trial is ff (c
E |B) F (cR |B) . These ratios in both trials should be the same at
the optimum. On the other hand, the equilibrium outcome should satisfy
f (e
cE |G)
f (e
cR |G) F (e
cE |G)
=
.
E
R
f (e
c |B)
f (e
c |B) F (e
cE |B)
Since

F (cR |G)
F (cR |B)

< 1,
f (cE |G)
F (cE |G) f (cR |G)
>
f (cE |B)
F (cE |B) f (cR |B)

(12)

and each university has an incentive to lower the early admission standard in the game at the optimal
solution of statistician’s problem. As mentioned before, lowering the early admission standard will
deteriorate the eﬀective pool of applicants and consequently the resulting selection of the other
university. While this negative externality is considered in the statistician’s problem, it is ignored
in each university’s decision in the game situation. Therefore, the early admission standard of the
equilibrium is lower than the optimal one.
If the optimal solution is the corner outcome, the early admission standard cannot be lower than
that. Therefore, the equilibrium outcome is also the corner outcome. Since the outcome with the
early admission program achieves the optimal selection, it obviously improves upon the outcome
without the early admission program.
However, the optimality of the corner outcome is not necessary to guarantee that the outcome
with an early admission program is better than the outcome without it. If the corner outcome is
better than the outcome x = y, the outcome with early admission is better than that without it.
We will see the reason below.
We Þrst note that each university always has an incentive to lower the early admission standard
if lowering x improves the outcome in the statistician’s problem. Lowering x will improve the
outcome in the statistician’s problem if
y
x
E
R
c |G)
f (e
c |G) F (e
or
E
f (e
c |B) F (e
cR |B)

>
>
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h0 (x) h(y)
h0 (y) h(x)
f (e
cR |G) F (e
cE |G)
,
f (e
cR |B) F (e
cE |B)

y
1

x

1 x

Figure 9: Corner Outcome is Better than Symmetric Outcome
and each university will lower the early admission standard since (12) is satisÞed. Therefore, an
equilibrium of the game has a lower level of x.
If the corner outcome is better than the outcome x = y, the graph of h(x)h(y) = k0 is lower
than that of xy = k at y = 1. Then there is a point x such that the two graphs intersect at that
point, and the graph of h(x)h(y) = k0 is lower than that of xy = k below x. (See Þgure 9) In the
interval 0 < x ≤ x, there must exist a subinterval in which lowering x will improve the outcome.
Therefore, an equilibrium also exists such that x ≤ x and the equilibrium outcome is better than
the outcome without the early admission program. In this case, both universities’ adopting an early
admission program is the equilibrium in the game of adopting early admission, and the outcome
improves with an early admission program.
Proposition 4 Suppose using one trial has a better outcome than using two trials with the same
standard in statistician’s problem. Then in all equilibria of the subgame when both universities
adopt an early admission program, the payoﬀ to both universities is better than that without an
early admission program. Therefore, both universities’ adopting an early admission program is the
equilibrium of the game and also welfare-enhancing.
Note that the condition in proposition 4 is a suﬃcient condition, but not a necessary one.
Even if this condition is not satisÞed, the outcome with an early admission program can be better
than the outcome without it. Figure 7 shows this possibility. The optimal outcome value x exists
between x∗ and x∗∗ . The equilibrium value of x is lower than the optimal outcome, but it can be
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larger than x∗∗ . The following example shows this case.
Example 5 Suppose that the fraction of type G students, γ is 12 . There are two signals g and b.
The conditional probability is as follows.
G
B

g

b

1
2
1
3

1
2
2
3

The desired class size C is 23
72 .
If no universities adopt an early admission program, both universities’ admission standards are to
admit students with a signal g with probability x. If both universities adopt an early admission
program, then the common early admission standard is to admit students with a signal g for sure
and the regular admission standard is to admit students with a signal g with probability y. Since
the total mass of students who are not admitted by either is the same in both cases, x and y should
satisfy

=

1 1 1
1 2 1
[ + (1 − x)]2 + [ + (1 − x)]2
2 2 2
2 3 3
12 2 1
11 1 1
[ + (1 − y)] +
[ + (1 − y)]
22 2 2
23 3 3

2
or (1 − y) = 2(1 − x) + 13
17 (1 − x) .
When no universities adopt an early admission program, the mass of type G students who are not
selected is 12 [ 12 + 12 (1 − x)]2 . When both universities adopt an early admission program, this mass is
11 1
1
1
2
2 2 [ 2 + 2 (1 − y)]. The diﬀerence is 34 (1 − x) using the above relationship between x and y. This
diﬀerence is positive, which means that the selection is better when both universities adopt an early
admission program.
However, using both signals with the same standard has a better outcome than using only one
signal. If only one trial is used in the statistician’s problem, the mass of type G students who are
not selected is 13
84 ≈ 0.155. If both trials are used with the same standard, the mass is about 0.132 .
Although the condition of proposition 4 is not satisÞed, universities are mutually better oﬀ by
adopting an early admission program.

5

Early Decision vs Early Action

In the previous analysis, we consider early decision as an early admission program. In this section,
we will also consider early action and investigate what diﬀerence it makes. As can be seen easily,
early action without restricting application opportunities only make the admission process happen
earlier without aﬀecting the outcome. Early action in this section means early action with single
choice.
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First, we consider the case only one university, U1 adopts an early action program. Students
should decide whether to apply early to U1 . Since under early action students do not have to
matriculate when admitted, there is no cost of early application for group 2 students unlike under
early decision. While only group 1 students apply early to U1 under early decision, all students
will apply early to U1 under early action. The applicants for U1 are all early applicants and their
matriculation behavior is the same as when no early action program is adopted. Therefore, except
that U1 ’s admission decision is made earlier than U2 , there is no change in outcome compared with
the case no university adopts an early action program.
If both universities adopt an early action program, students will apply to their preferred university in early application. Even though there is no commitment of matriculation, students will
matriculate if admitted because it is their preferred university. Since the students’ application and
matriculation decisions are the same as under early decision, the universities’ admission decisions
are also the same. Therefore, the outcome is exactly the same as under early decision. With
the other university adopting an early admission program, there is no diﬀerence for a university
between early action with single choice and early decision.
If we summarize this in the game matrix (10), it means that a = b = c and the inequality
between a and d will be the same as in the previous analysis. Both universities’ adopting an early
admission program is an equilibrium only if the outcome improves with the early admission program
(d ≥ a).
With both alternatives, early action and early decision, available as an early admission program,
using early decision is a dominant strategy for universities. However, this may lead to an ineﬃcient
outcome as shown in example 4. If early decision is not available and early action is the only
possible early admission program, then both universities will adopt an early admission program
only when this will improve the overall selection of students. Early action with single choice will
deliver any beneÞt of an early admission program without getting trapped in prisoner’s dilemma
situation.

6

The Welfare of Students

In the previous sections, we see that early admission programs and resulting disparity of early and
regular admission standards do not necessarily lead to ineﬃciency in the selection of students. We
provide a suﬃcient condition which guarantees that mutually adopting an early admission program
improves each university’s selection of students. Moreover, if early action is a only possible type
of an early admission program, early admission programs are adopted by both universities only
when it can improve the eﬃciency. The criticism of early admission programs with respect to the
selection of students is not well supported from this perspective.
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Up to now, we only talked about the eﬀect of early admission programs on universities. It is,
however, also important to consider how students are served through the admission process. This
section will consider how student’s welfare is aﬀected with an early admission program. We will
compare the welfare of students in two cases; 1) the early admission program is not allowed, 2) the
early admission program is allowed and both universities adopt it.
A typical student in the model will get utility from attending one of the universities. Her
expected utility will be
Vh Pr{attending a preferred university} + Vl Pr{attending a less preferred university}

(13)

Since there is a exogenously given capacity of each university and students are identical in their
types, their chances of attending one of universities are the same regardless of what the admission
process is18 . That is, the sum of the two probabilities in (13) is the same whether an early admission
program is allowed or not. The change of her expected utility only comes from the composition of
this sum.
As is clear in the model analysis, the early admission standard is lower than the admission
standard when there is no early admission program (e
cE ≤ b
c in proposition 3). Accordingly, the
probability of attending a preferred university is higher when both universities adopt an early
admission program. With an early admission program, students have a better chance to be admitted
to a preferred university at the expense of a chance to be admitted to a less preferred university. This
change will increase the students’ expected utility. Therefore, the students’ welfare will improve
with early admission program.
This welfare comparison result holds regardless of whether the early admission program improves
the selection of students. Even if the game of adopting an early admission program is a prisoner’s
dilemma, an early admission program will still improve the welfare of students. It is always better
for the students to be given a chance to show their preference over universities.

N Universities; Extension

7

In this section, we will extend the main model to accommodate an arbitrary number of universities.
Now, we have N universities {Ui }N
i=1 . Each university’s class size is still C, and the sum of class
sizes is less than the total mass of applicants, N C < 1. Students are now divided into N groups,
{Gi }N
i=1 . A student in group Gi prefers Ui most and is indiﬀerent among the other universities.
18

A student’s chance of attending a university is depedent on her own type. As the admission process changes, the
selection of students changes. A student’s chance of attending a university will also change conditioned on her type.
However, I assume the student does not know about her own type, and consequently that all students are identical.
Even if there is private information about the student’s type, the welfare comparison will be meaningful if it is done
in ex-ante sense, i.e. before students know their own types.
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The group sizes are the same and are equal to N1 . All other environments are the same as in the
basic model.
The fully Þgure out this model, we should consider all cases in which some of universities adopt
early admission program while others do not. Here, however, we simply compare the two outcomes;
1) No universities adopt an early admission program, 2) All universities adopt an early admission
program. We will mainly check whether the outcome comparison we made in the main model can
extend.
No Universities Adopt an Early Admission Program Students will apply to all universities. If there is an admission oﬀer from the preferred university, students will matriculate at that
university. If not, students are assumed to randomly choose one among the universities giving the
admission oﬀer.
Equilibrium should be symmetric in this situation, that is, equilibrium admission standards of
all universities should be the same19 . Let b
c be the equilibrium admission standard. Then the mass
of students who do not get any admission oﬀer should be 1 − N C.
γ[F (b
c|G)]N + (1 − γ)[F (b
c|B)]N = 1 − N C
All Universities Adopt an Early Admission Program Students will apply to their preferred
university in the early process. If not admitted in the early process, they will apply to all remaining
universities in the regular process. In the regular application, students will randomly choose the
university to matriculate at among ones giving the admission oﬀer.
We consider a symmetric equilibrium. Let e
cE and e
cR be the equilibrium admission standards in
the early and the regular process respectively. Then the mass of students who fail to get admitted
to any university should be 1 − N C.
γ[F (e
cE |G)][F (e
cR |G)]N−1 + (1 − γ)[F (e
cE |B)][F (e
cR |B)]N−1 = 1 − N C

(14)

Individual university will choose the admission standards so that the average types of marginal
matriculants in both periods should be the same. The average type is determined by the ratio of
type G students to type B students. Therefore, in equilibrium, these ratios will be the same in
both periods.
PN −2 1 ¡N−2¢
cR |G)]j [F (e
cR |G)]N−2−j
f (e
cE |G)
f (e
cR |G) F (e
cE |G) j=0 j+1 j [1 − F (e
=
(15)
P −2 1 ¡N−2¢
R |B)]j [F (e
R |B)]N−2−j
f (e
cE |B)
f (e
cR |B) F (e
cE |B) N
[1
−
F
(e
c
c
j=0
j+1

j

19
Suppose not. Then there are two universities Ui and Ui0 such that they have diﬀerent admission standards
b
ci < b
ci0 . Then Ui has a larger mass of eﬀective applicants than Ui0 . To Þll up the same class size, Ui should have a
higher admission standard than Ui0 , which is contradiction.
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The right hand side of (15) is this ratio in the regular process. The regular applicants are rejects
(e
cE |G)
in the early process and the term FF (e
appears. Moreover, there is a possibility that they
cE |B)
get multiple admission oﬀers in the regular process. For example, a type B student will get
¢
¡
[1 −
admission oﬀer from j universities among N − 2 other universities with probability N−2
j
R
j
R
N−2−j
F (e
c |B)] [F (e
c |B)]
. In that case, this student will matriculate at the subject university
1
with probability j+1 . That is also true for type G students. Therefore, the next term appears.
This term can be further simpliÞed.
PN−2 1 ¡N−2¢
Lemma 3
cR |·)]N −2−j =
[1 − F (e
cR |·)]j [F (e
j=0 j+1
j
Proof. In the Appendix

1
N−1

PN−2
j=0

[F (e
cR |·)]j

Using lemma 3, equation (15) can be rewritten.
PN−2
cR |G)]j
f (e
cE |G)
f (e
cR |G) F (e
cE |G) j=0 [F (e
=
P
f (e
cE |B)
f (e
cR |B) F (e
cE |B) N−2
cR |B)]j
j=0 [F (e

(16)

Note that thePequilibrium early admission standard is lower than the regular admission standard
since

N −2
cR |G)]j
F (e
cE |G) j=0 [F (e
P N −2
E
F (e
c |B) j=0 [F (e
cR |B)]j

tion (16) additionally has

is less than 1. Compared with 2 universities case (equation (9)), equa-

P N −2
j=0

P N −2
j=0

[F (e
cR |G)]j

[F (e
cR |B)]j

on the right hand side. As explained, this term appears

because students can get multiple admission oﬀers and randomly choose one university to matriculate at among them in the regular process. Since type G students are more likely to have more
admission oﬀers, they are less likely to matriculate at the subject university than type B students.
This will aggravate the adverse selection problem in the regular process and make the early admission standard even lower. As the number of universities increases, this term gets even smaller and
the adverse selection problem in the regular process is more aggravated.
Outcome Comparison As in the main model, we can think of the statistician’s problem in the
same manner. Statistician can determine two standards to minimize the mass of type G students
who fail in the all the tests as long as the mass of students who fail in all tests is constant, 1 − N C.
min

cE ,cR ∈[0,1]

[F (cE |G)][F (cR |G)]N−1

(PN )

subject to (14)
Using the same change of variable technique as in the main model, we can rewrite the problem.
min

x≤y∈[0,1]

xy N−1

subject to γxy N−1 + (1 − γ)h(x)[h(y)]N−1 = 1 − N C
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(P’N )

It can be easily shown that this problem has a very similar structure as the statistician’s problem
in the main model. The graphs of the objective function and the constraint are convex, and the
types of solutions are not restricted. Especially, the condition of optimal solution is the same as in
the main model, which is
f (cE |G) F (cR |G)
f (cR |G) F (cE |G)
=
.
f (cE |B) F (cR |B)
f (cR |B) F (cE |B)
R

(c |G) N−2
This optimal condition can be better understood if we consider [ FF (c
terms are cancelled
R |B) ]
out in both sides. As is explained in the main model, the small change in one standard will aﬀect
the students who failed in all the other tests. The optimal standards will equalize the ratio of type
G and type B students at the margin.
It is obvious that the equilibrium early admission standard is lower than the optimal one.
Therefore, by the same reasoning in the main model, the comparison of the corner outcome and
the outcome x = y can provide the suﬃcient condition which guarantees the outcome improves
with early admission program.

Proposition 5 Suppose using one trial has a better outcome than using N trials with the same
standard in statistician’s problem. Then the outcome when all universities adopt an early admission
program improves upon the outcome when no universities adopt an early admission program.
Miscellanies In 2 universities case, allowing early action program only guarantees that the best
outcome is obtained. That argument was based on the fact that early action does not have any
eﬀect on the outcome when it is unilaterally adopted. Unfortunately, that argument cannot be
extended to N universities case. With N universities, there is a case in which some universities
adopt an early admission program while others do not. When other universities adopt an early
admission program, early action is always eﬀective. We cannot exclude the possibility that those
cases can be an equilibrium.
However, our analysis of students’ welfare still holds in N universities case. Students will be
better oﬀ with early admission programs regardless of the number of universities.

8

Discussion

The analysis of the early admission program in this paper is based on the presumption that universities only try to optimize their selection of students in the admission process. The disparity
of early and regular admission standards is due to the adverse selection problem in the regular
admission process.
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Since the adverse selection occurs because of universities’ potentially diﬀerent evaluations about
the same student, it is a very critical assumption in our argument that universities have imperfect
and independent observations about the students’ types. To check this paper’s compatibility, we
will discuss the validity of this assumption in this section.
There are also alternative theories to explain the disparity of admission standards. Most of
these theories argue that universities pursue other goals than the optimal selection of students in
the admission process and that they are willing to sacriÞce the quality of students to achieve these
goals. We will also discuss these possible theories and try to oﬀer that this paper provides more
consistent explanation.

8.1

Imperfect and Independent Observation of Students’ Types

We will Þrst discuss the validity of this paper’s critical assumption that universities have imperfect
and independent observations about the students’ types20 . Admission decisions are made based on
both quantiÞable and non-quantiÞable measures. QuantiÞable measures include high school GPA,
class ranking, and SAT scores while non-quantiÞable measures include recommendations, students’
essays, and so on.
QuantiÞable measures may give less distinction between applicants than we expect. For highly
selective universities, there will be many “qualiÞed” applicants and their diﬀerences in quantiÞable
measures might be negligible. Nowadays, more top-end high schools do not report class ranking
since they worry that it might exaggerate small diﬀerences of students, and this might exacerbate
the situation (Fallows (2003)). SAT scores might be subject to similar problems. Moreover, it
underwent “recentering” of its scales eﬀective from 1996 SAT score to reßect the broad pool of
test takers while SAT was originally for small group of elite students21 . As a result, average scores
rose signiÞcantly especially in the verbal portion. This may make the high-end applicants even less
distinguishable.
Less distinctions in quantiÞable measures may increase the dependence on non-quantiÞable
measures. For non-quantiÞable measures, even the same record may give diﬀerent impressions to
diﬀerent reviewers. This increases the possibility that universities may form diﬀerent evaluations
about the same student. In fact, for some non-quantiÞable measures like students’ essays, universities may observe diﬀerent records of students. Some universities have their own applications which
contain diﬀerent essay topics. Other universities use the common application, but add their own
supplements to it22 .
20

For the main result of this paper, it is enough to assume that the signals two universities observe are not perfectly
correlated. That is, the result would not change even if the signals are conditionally correlated (but not perfectly).
21
For detailed information on recentering, see Dorans (2002).
22
For example, Dartmouth college has its unique “peer evaluation.”
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Figure 10: Pairwise College Admission Results
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It is arguable that universities may have diﬀerent evaluations about the same student. However,
this is a question to be empirically veriÞed eventually. The following table23 shows the admission
result for some college pairs in the Ivy League of those students who applied to both universities in
the regular process. The columns show the number of students who were not admitted by either,
admitted to the Þrst college but not to the second, admitted to the second college but not to the
Þrst, and admitted to both colleges respectively. The Þrst colleges of each pair are listed according
to the universities ranking of Avery, Glickman, Hoxby, and Metrick (2002). In each college pair,
the Þrst college is the more prestigious one.
The table shows that more prestigious universities usually have higher admission standards.
That is, students are more likely to be admitted to a less prestigious university (Note that the
number in the second column is less than the number in the third column.). It also shows a trend
that the gap between these two numbers increases as the ranking diﬀerence gets larger. Even
with these facts, there still exists some uncertainty. That is, some students are admitted to more
prestigious universities, but not to less prestigious ones. The fact that universities might have quite
diﬀerent evaluations about the same student is suggested if we compare very closely competing
university pairs, like Yale-Princeton, Brown-Columbia, and Columbia-Dartmouth. Clearly, there is
positive correlation of admission results but this correlation is not perfect.

8.2

Alternative Theories of Diﬀerent Admission Standards

The Þnding that universities have diﬀerent admission standards in the early and regular process
provoked discussion about the universities’ incentives in this choice. We will discuss some of these
arguments and compare them with this paper’s argument.
8.2.1

Improving Selectivity and Yield

As discussed in the introduction, the most cited argument is that universities care about their
reputations, which could be aﬀected by selectivity and yield24 . It is true that universities care
about their prestige and try to aﬀect it in certain ways. In fact, there exist several practices
that universities use to improve these statistics. For example, it is reported that some universities
would not directly admit strong applicants but put them on the wait list for fear that these students
would matriculate at more prestigious universities (Avery et al (2003)). It is also believed that these
statistics can be improved by admitting more students through early admission.
23

I thank Christopher Avery and Caroline Hoxby for the provision of this table. The table is based on a survey of
the College Admissions Project. Applicants who were minorities, alumni children at either college, or athletic recruits
for either college, have been excluded.
24
As mentioned in the introduction, selectivity is the proportion of admitted students to total applicants and yield
is the proportion of matriculants to admitted students.
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However, it is debatable whether this is what drives the diﬀerent admission standards. First,
unlike other common practices to improve these statistics, the early admission program is transparent. That is, it is clearly observed how many students at each university are admitted through
early admission. Outside observers can see how much the early admission program aﬀects these two
statistics, and therefore these statistics as a signal of the university’s reputation will be discounted
accordingly. Moreover, improving these statistics through the early admission program is costly. If
universities admit less qualiÞed students through the early admission program, it should endure a
loss in other measures of selectivity. Another typical measure of selectivity is average SAT score of
matriculants, which is directly aﬀected by the lower early admission standard. In fact, average SAT
score is a more important measure of selectivity in the US News college ranking than selectivity
and yield.
Since this theory (and some other theories) takes the universities’ other objectives into account,
the optimal selection of students is compromised. That is, the average quality of marginal matriculants in the early and regular process will be diﬀerent and the present selection of students is
suboptimal. This implication is common for all arguments that diﬀerent early admission standards
are a result of universities’ pursuing other objectives than the optimal selection of students. This
is where this paper departs from other theories in its implication.
8.2.2

Early Admission Program as a Measure of Price Discrimination

Universities can charge diﬀerent prices for diﬀerent students using Þnancial aid, which can be
thought of as price discriminating behavior of universities. Common IO theory tells us that a
university can maximize its tuition income if universities can screen students by their willingness to
pay. An early admission program can be viewed as a screening device for this unobservable taste.
This theory suggests that universities will admit more students through the early process to
save on Þnancial aid. That is, given the class size, universities can save more Þnancial aid if they
Þll up more of the class with students who are willing to pay more. Students will self select in this
scheme since applying early will increase the admission probability but yield less Þnancial aid, and
those students whose beneÞt of attending this university is high enough will apply early.
Certainly, universities with less Þnancial resources may suﬀer from an excessive burden of Þnancial aid and may want to contrive a scheme to reduce this burden. However, given the fact that
universities with rich Þnancial endowments also use the early admission program with a lower early
admission standard, it is questionable that these universities use the early admission program to
save on Þnancial aid.
Even for universities with less Þnancial endowment, there exists an alternative way to save on
Þnancial aid. Early admission programs as a form of price discrimination is equivalent to a “needaware” admission policy in its eﬀect. In a need-aware admission policy, Þnancial considerations can
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play a role in the admission decision and students can show their willingness to pay through the
Þnancial aid application. For example, Brown used this policy to Þll up 5-10% of the class (Avery
et. al (2003)). It requires more explanation why universities would use the early admission program
as a method of price discrimination when the alternative way is available.
If the early admission program is used as a measure of price discrimination, we should observe
systematically less Þnancial aid for early admits with other factors controlled. The following guideline of the National Association of College Admission Counseling (NACAC) suggests that what is
really happening might be the opposite.
An institution may not oﬀer special incentives (such as scholarships, special Þnancial aid, or special housing opportunities) to encourage students to apply under Early
Decision plan.25
8.2.3

Competing for Applicants

Another theory of lower early admission standard is that universities use the early admission program to attract more applicants. According to this theory, the lower admission standard works as a
lure to those students whose top choices are not this university. Students may want to apply early
to a less preferred university if it boosts their admission probability. This theory assumes that a
lower early admission standard will attract more applicants and that the beneÞt from the increase
in applicants will be bigger than the cost of lowering the admission standard.
If a lower early admission standard is a lure to students, it will help to attract more applicants
that universities are explicit about their lower early admission standard. However, virtually no
universities admit that their early admission standards are lower. It is argued that universities
show an ambiguous attitude about their admission standards because they want to send diﬀerent
messages to diﬀerent audiences. That is, universities want to attract more students in the early
application round without discouraging students from applying in the regular process. However,
if it is possible to send mixed messages regardless of what they really do, the best strategy of the
university is to advertise lower early admission standards to attract more applicants while keeping
the optimal selection of students.
8.2.4

Reducing Uncertainty of Class Size

Universities often have diﬃculty in predicting the number of matriculants. A small change in the
matriculation rate can result in a large discrepancy between the desired and the actual class size.
Since this discrepancy is costly for universities, they want to reduce this uncertainty. An early
decision program is one institution which can be used to achieve this aim. Since the matriculation
25

http://www.nacac.com/downloads/policy_admission_options.pdf
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rate is almost 100% in early decision, this uncertainty will be reduced if universities admit more
students through early decision. However, this theory does not tell us much about the early action
program which shows the similar disparity of admission standards. Even though the matriculation
rate is relatively higher in early action, this does not necessarily reduce the uncertainty of class
size. In this paper, we show that early action with single choice will have the same eﬀect as early
decision if both universities adopt it. This paper justiÞes the disparity of admission standards with
early action, which cannot be explained in this theory.
8.2.5

Identifying Enthusiasts

Universities want to admit students who are eager to attend. It is believed that eagerness will
bolster the students’ performance at the university. Universities will have a lower early admission
standard because early admits with the same record will do better because of their enthusiasm. In
theoretical terms, this assumes that match speciÞc productivity exists.
Even though the logic is not the same, this theory is equivalent to this paper’s argument in empirical prediction. In this paper, the early admission program is used to lessen the adverse selection
in the matriculation process. Since the idiosyncratic preference is what drives the matriculation
decision, the early admission program actually screens the students whose top choice is subject
university like the theory of identifying enthusiasts. Both arguments also have the same prediction
that early admits will perform better with the same observable features, but for diﬀerent reasons.
When there exists match-speciÞc productivity, early admission program will help to achieve the
Pareto best outcome and a prisoner’s dilemma situation can never arise. If this paper incorporates
match speciÞc productivity, the paper’s implications would be reinforced.

9

Related Literature

College admission problem is one of popular topics in matching literature. As a case of directed
search model, college admission problem is studied by Nagypal (2002) and Chade, Lewis, and Smith
(2003). These papers especially concentrate on students’ application decision when there is a Þxed
application cost. However, they do not deal with an early admission program which is the main
focus of this paper.
Even though there is a heated discussion about the early admission program, most of the existing
arguments were casually presented. These arguments are based on that of Avery, Fairbanks, and
Zeckhauser (2000, 2002). As mentioned in the introduction, Avery et al establishes the empirical
Þnding of diﬀerent admission standards and views the early admission game as a prisoner’s dilemma
game, which hurts the eﬃciency in the selection of students. This paper provides the logic which
may give the opposite results to the common argument.
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The early admission program is similar to the unravelling phenomenon in appearance and some
arguments cite the model of unravelling to suggest that the outcome with early admission programs
might be ineﬃcient (Ehrenberg (2002)). Unravelling is a market phenomenon in which transactions
tend to occur earlier, and early admission program is similar to it in that admission process happens
earlier. Unravelling was observed in some entry-level professional labor markets, such as the market
for medical interns and residents. Roth (1984) takes unravelling as a result of instability of a
matching outcome. Roth and Xing (1994) extend the scope of unravelling. They describe many
markets experiencing unravelling and show that some markets experience unravelling even with
a stable centralized matching mechanism. They show by example the possibility of unravelling
triggered by the incentive to preempt the market when information about participants evolves
over time. They also show that the outcome with unravelling can be ineﬃcient. Li and Rosen
(1998) add market uncertainty to the uncertainty about the participants’ qualities and establish
an equilibrium model of unravelling. Unravelling happens because risk averse participants want to
insure their payoﬀ against market uncertainty by contracting early even though it might be ex-post
ineﬃcient. This model is extended by Li and Suen (2003) to incorporate the possibility of multiple
equilibria, in which unravelling can be self-fulÞlling. In this series of papers, however, unravelling
arises from the incentive to preempt the most promising participants, which does not seem to be
consistent with the early admission program since early admission standards are lower than regular
admission standards. In particular, in most of these papers, unravelling does not happen without
market uncertainty while early admission program is used without market uncertainty in this paper.
The main result of the paper comes from imperfect and independent signal observation of
universities. The eﬀect of this assumption is considered in diﬀerent context. Broecker (1990)
considers the eﬀect of this assumption on price competition in a lending market context. The
credibility evaluation about the same borrower can be diﬀerent among banks and this will aﬀect
the pricing behavior. Since a borrower will go to a bank with lowest interest rate among banks
approving him, a bank has an incentive to undercut other banks’ interest rates to improve the
average credibility of its customers, and this will lead to non-existence of pure strategy equilibrium in
the pricing game. Broecker shows there is a mixed strategy equilibrium in this situation. Ostrovsky
(2003) considers the eﬀect of this assumption in a centralized matching market. One’s preference
over potential partners will be based on his evaluation. With independent evaluation, however,
one’s preference will be updated as other agents evaluation is revealed. He shows by example
that there does not exist a detail free stable matching mechanism in that situation. Chade (2003)
considers the same assumption in a decentralized matching market. When the matching is made by
mutual acceptance of meeting partners, one’s matching decision should be made conditioned on the
partner’s acceptance. (If the partner does not accept, one’s decision is irrelevant.) If better partners
are more selective, the partner’s acceptance will carry a bad news about his quality. Therefore,
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one will be more cautious about his matching decision. Even though these papers deal with the
same assumption and similar problem caused by it, they consider a diﬀerent context and do not
deal with the institution like early admission program.

10

Conclusion

The university admission process in the US is undergoing continual change. The early admission
program is at the heart of this change. In 2002, the National Association of College Admission
Counseling (NACAC) revised the oﬃcial guide for admission processes in response to the severe
criticisms about early admission programs. It clariÞes the possible number of applications in the
early admission process. According to the new rules, students can apply to as many places as they
want to in the early application round as long as these applications do not include two or more
early decision schools. Many early action schools have resisted this decision. Harvard, for example,
followed this rule in their 2002-2003 admissions, but in the 2003-2004 admissions they changed their
rule back to prohibit students who applied early to Harvard from applying to other schools (that
is, early action with single choice). Brown and Princeton have kept their early decision policy and
prohibit students from applying to other schools. Yale and Stanford changed their early decision
policy to early action, but still prohibit students from applying to other places.
In these changes, more attention was paid to the eﬀect of the early admission program. Finally,
the NACAC decided to launch a two-year study of the higher education application process in
response to this deÞance.
Even though there have been many criticisms of early admission programs, a consistent framework to evaluate the eﬀect has been rarely provided. This paper provides one framework to this.
While the model might be too simpliÞed to draw a conclusive policy prescription, it raises some
questions about the point which was commonly made.
First, an early admission program and the resulting diﬀerent admission standard can result from
a university’s optimal choice to improve the selection of students only. Even though we cannot
preclude the possibility that an individual university might have other goals to achieve through
early admission program, the disparity of admission standards does not automatically lead us to
the conclusion that each university selects the students in a suboptimal way.
Second, the early admission program may not hurt eﬃciency as is commonly believed. The
model showed that the overall selection of students may improve with the early admission program.
Third, the early admission program will also improve the welfare of students if we only consider
which university students can go to. The early admission program is a chance for students to show
their preference, and therefore it will increase the possibility of students going to their top choice
schools.
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Appendix

11.1

Proof of Lemma 2

The proof is done in two steps. First, we will show that function h(x) is concave by MLRP. Then
we will show that the graph of h(x)h(y) = k is convex if function h is concave.
Claim 1 h(x) is concave.
Proof. By deÞnition,
h(x) = F (F −1 (x|G)|B)
The derivative of it is
h0 (x) =

f (s|B)
f (s|G)

where F (s|G) = x. As x increases, s also increases. By MLRP assumption, h0 (x) is decreasing.
Hence, h(x) is concave.
Claim 2 If h is concave, then the graph of h(x)h(y) = k is convex.
Proof. Let (x0 , y0 ) and (x00 , y 00 ) be on the graph. That is,
h(x0 )h(y 0 ) = h(x00 )h(y 00 ) = k

(A1)

Consider the case x0 > x00 without loss of generality. Since the graph is downward sloping, y 0 < y00 .
Consider any convex combination of two points (αx0 + (1 − α)x00 , αy0 + (1 − α)y 00 ) where α ∈ (0, 1).
We want to show the value of function is greater than k at this point.
Since h(x) is concave,
£
¤£
¤
h(αx0 + (1 − α)x00 )h(αy0 + (1 − α)y00 ) ≥ αh(x0 ) + (1 − α)h(x00 ) αh(y0 ) + (1 − α)h(y 00 )

If we show RHS is greater than k, the proof is complete. With (A1), we can write k = αh(x0 )h(y 0 )+
(1 − α)h(x00 )h(y 00 ). Using this,
¤£
¤
£
¤£
¤
£
αh(x0 ) + (1 − α)h(x00 ) αh(y 0 ) + (1 − α)h(y00 ) − k = α(1 − α) h(x0 ) − h(x00 ) h(y 00 ) − h(y 0 ) > 0
With these two claims, the lemma is proved.
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11.2

Proof of Lemma 3
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