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A B S T R A C T   

In this paper, we investigate matching problems where priorities and preferences are misaligned. 
In the case of centralized Chinese college admissions, students are matched based on their test 
scores in standardized tests, a noisy realization of their aptitudes due to measurement errors. We 
show that in this case any matching mechanism that is stable with respect to score is not stable 
with respect to aptitude. The resulting instability leads to colleges' incentive to participate in early 
admissions (zizhu zhaosheng), a form of market unraveling. However, a manipulable mechanism 
such as the Immediate Acceptance mechanism, combined with limited information about prior
ities, may succeed in mending this market failure. We then design and conduct a laboratory 
experiment where we compare the performance of two mechanisms (the Immediate Acceptance 
mechanism and the Deferred Acceptance mechanism), under two timing conditions of the sub
mission of students' rank-ordered lists of colleges (before the exam and after the exam), using a 
two-stage matching market design with the possibility of early offers. In the experiment, a sig
nificant level of market unraveling occurred under mechanisms that are not stable with respect to 
aptitude, confirming theoretical predictions. We also find that the Immediate Acceptance 
mechanism under pre-exam submission condition significantly reduces such unraveling.   

1. Introduction 

College admissions mechanisms affect the career choices and labor market outcomes of many young people in China and around 
the world (Balinski and Sönmez, 1999; Gale and Shapley, 1962; Roth, 1985). They belong to a broader class of matching problems that 
involve pairing members of one group of agents with one or more members of another disjointed group of agents. Other examples 
include matching medical school graduates to hospitals (Roth, 1984, 1986), assigning students to public schools (; Abdulkadiroğlu, 
Pathak, and Roth, 2005; Abdulkadiroğlu and Sönmez, 2003), assigning students to on-campus housing and overseas trips (Abdul
kadiroğlu and Sönmez, 1999; Chen and Sönmez, 2002; Featherstone, 2020), facilitating pairwise kidney exchanges (Roth, Sönmez, and 
Ünver, 2005), and matching cadets to army branches (Sönmez and Switzer, 2013). Matching mechanisms are algorithms used to 
accomplish assignments in these cases. 

For such matching problems, stable and strategy-proof matching mechanisms such as the Deferred Acceptance mechanism1 (Gale 
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1 Note however, the Deferred Acceptance mechanism is strategy-proof for one side of the matching market. It is not so for the other side of the 
market. 
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and Shapley, 1962) are widely praised as a superior alternative to priority matching mechanisms, such as the Boston mechanism (also 
known as the Immediate Acceptance mechanism, or IA henceforth, in college admissions), which is manipulable and may thus lead to 
unstable outcomes (Abdulkadiroğlu, Pathak, Roth, and Sönmez, 2005; Chen, Jiang, and Kesten, 2020; Chen and Sönmez, 2006; Ergin 
and Sönmez, 2006). This is because if a matching mechanism is stable, it produces matching outcomes in which no pair of agents would 
both prefer to be matched to each other than to their current partners. If a mechanism is strategy-proof, then participants do not have 
incentives to lie about their true preferences. A significant issue with unstable matchings is market unraveling (Dargnies, Hakimov, and 
Kübler, 2019; Roth and Xing, 1994): the transaction date is pushed further and further ahead, often circumventing the centralized 
matching process. For example, in the case of matching new physicians to hospitals, when the job market unravels, hospitals sign 
employment contracts with medical school students sometimes years ahead of their actual graduation date. Market unraveling also 
manifests itself through early admissions in college admissions (Avery, Fairbanks, and Zeckhauser, 2009). Roth (1991) shows that if a 
mechanism frequently yields unstable matchings, even if such market is centralized, it still causes market unraveling, and is no better 
than the decentralized market it tries to replace. Such unraveling is believed to be inefficient (Fréchette, Roth, and Ünver, 2007), and 
reduces market mobility (Niederle and Roth, 2003). In addition to the cost of instability, Ergin and Sönmez (2006) and Chen and 
Sönmez (2006) also suggest that strategic manipulation in the Boston mechanism leads to efficiency loss both in theory and in the 
laboratory. 

Stability, however, does not ensure that market unraveling would not happen. One instance from two-sided matching comes from 
Sönmez (1999), which states that stability does not prevent manipulation through pre-arranged match. Even for centralized college 
admissions, which is a one-sided matching market, market unraveling still occurs under stable mechanisms. As an anecdotal example, 
the government of Shanghai in 2008 switched its college admissions mechanism from a variant of the Immediate Acceptance 
mechanism called the “sequential mechanism” to a variant of the Deferred Acceptance mechanism, known in the matching literature as 
the “Chinese Parallel Mechanism,” which is more stable and less manipulable (Chen and Kesten, 2017).2 Yet, after the policy change, 
the top universities in Shanghai increased the number of their early admission offers from 893 to 1353,3 an almost 50% increase, which 
all happened months before the actual college entrance exam, circumventing the centralized matching process. While centralized 
Chinese college admissions are hailed as a very efficient process for matching students and colleges (Chen et al., 2020; Chen and 
Kesten, 2017, 2019), the decentralized early admissions put significant additional burdens on college administrators and student 
families alike, as each participating colleges need to administer their own tests and employ hundreds of experts to interview students 
individually, and students need to prepare for different colleges' tests separately. Of course, there are many potential reasons for a large 
increase in the number of early admissions, and it is not the focus of this study to provide an empirical evaluation of the effect of such 
policy change. In this paper, we propose one explanation for the unraveling that arises from the “side-effect” of stable matching 
mechanisms under the context of standardized test, and test such explanation experimentally, as it is difficult to collect data to test it 
empirically. 

To explain why such unraveling happened, first we need to note that college admissions in China are organized as a centralized 
matching clearinghouse,4 where a central authority administers an annual standardized test (gaokao), and places students into colleges 
based on their test scores, with the aim of the test being to measure students' aptitudes. This standardized test-based college admissions 
problem differs from the school choice problem (Abdulkadiroğlu and Sönmez, 2003) in that although colleges, like public schools, 
follow priorities based on test scores, colleges themselves actually have strong preferences over students that may be different from 
priorities. It is understandable that colleges prefer better students with higher academic abilities (aptitudes) as better students are more 
likely to improve college reputations and may bring more future donations. It also differs from decentralized college admissions 
systems like those in the United States (Gale and Shapley, 1962; Roth, 1985), because colleges can not express their preferences (with 
respect to aptitudes) over students once the centralized matching process starts, since the matching is carried out by a computer 
program and colleges are bound to honor students' ranks in their test scores, which determine their admission priorities. Colleges' 
preferences and students' priorities are perfectly aligned only if standardized tests yield scores that do not distort the relative standings 
of students' aptitudes. In practice, however, this is unlikely, because even if a test is unbiased, that is, the expected test scores always 
respect the relative standings of aptitudes, all tests have measurement errors, defined as the lack of “consistency with which the [test] 
results place students in the same relative position if the test is given repeatedly” (Bloom, Madaus, Hastings, et al., 1981). Therefore, if 
a test is taken only once, such as in centralized college admissions, the ranking of test scores may not reflect the ranking of aptitudes. 

To see why measurement errors in tests can cause unstable matchings, which further lead to unraveling, let us look at an example. 
Suppose Students A and B are two top students in a college admission market with many students, and Colleges 1 and 2 are the two top 
colleges, and each has one available seat. Student A is better than B, and College 1 is better than 2. All students prefer better colleges, 
and colleges better students. Although Student A is better than Student B, she still has 30% of chance to score lower in the test than B, 
caused by measurement errors in the test. Under the Deferred Acceptance mechanism, since revealing one's true preference is the 
dominant strategy, both students list College 1 as their first choices, and College 2 s choices. Since priorities are given based on the test 
scores, therefore, there is a 30% chance that Student A goes to College 2 and Student B goes to College 1.5 In this case, both Student A 
and College 1 prefer each other to what they are currently matched with. So College 1 has an incentive to circumvent the centralized 

2 We will henceforth simply refer to them as the Immediate Acceptance mechanism and the Deferred Acceptance mechanism respectively.  
3 http://edu.qq.com/a/20081208/000066.htm. Retrieved on 8/25/2014.  
4 See the online appendix to Chen and Kesten (2017) for a thorough review of the histories and evolutions of Chinese college admissions from a 

market design perspective.  
5 This, and the example in the next paragraph assume that no other student can score higher than both Students A and B under any circumstance. 
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matching, and admits Student A early; and Student A certainly has the incentive to accept such offer. 
The above example may naturally lead to the following question: what could possibly be the mechanism that led to the significant 

increase of early admissions in Chinese gaokao? The answer may lie in one policy detail: instead of submitting their rank-ordered lists 
of colleges after knowing their test scores and rankings, students report their preferences before taking the exam, therefore the only 
thing they know is the relative standings of their academic abilities. Let us go back to the example above. Now when Student B submits 
his list of colleges without knowing his realized test score, he knows that he has a 70% chance to score lower than A. Since under the 
Immediate Acceptance mechanism, emphasis is put on the first choice, and the cost of not getting into one's first choice is very high, 
Student B may not want to take the risk and rank College 1 first, and therefore he will rank College 2 as his first choice. In this case, 
Student A can go to College 1, and Student B to College 2, with certainty. The matching is therefore stable for the top two students and 
colleges. So in short, the manipulability of this mechanism, combined with limited information of the priorities (test scores) of the 
matching, actually helps better students go to better colleges, regardless of their test performances. This in turn reduces market 
unraveling. 

Previous literature has also shown, in different aspects, that the Immediate Acceptance mechanism could outperform the Deferred 
Acceptance mechanism in some aspects under certain conditions. In terms of market efficiency, the IA mechanism is shown to be ex 
ante more efficient under incomplete information than the DA mechanism both theoretically (Abdulkadiroğlu, Che, and Yasuda, 2011) 
and experimentally (Featherstone and Niederle, 2016). In terms of strategy, contrary to the Deferred Acceptance mechanism, the 
Immediate Acceptance mechanism is immune to manipulation by schools through misreporting enrollment capacity (Kesten, 2012). In 
addition to the Boston (IA) mechanism, other manipulable mechanisms can also take the advantage of their manipulability and 
perform better than truthful mechanisms. For example, manipulable mechanisms that encourage reporting indifferences can 
outperform strategy-proof Random Serial Dictatorship mechanism in terms of efficiency (Fragiadakis and Troyan, 2019). This paper 
also contributes theoretically to a strand of literature that looks at the side effects of strategy-proof and stable matchings (Abdulka
diroğlu et al., 2011; Abdulkadiroğlu, Che, and Yasuda, 2015; Featherstone and Niederle, 2016; Troyan, 2012). 

In addition to the properties of mechanisms, the context of this study - centralized college and high school admissions in China - has 
also been explored in the literature, both experimentally (Chen and Kesten, 2019), and empirically (Chen et al., 2020; Ha, Kang, and 
Song, 2020; Wang and Zhou, 2020; Wu and Zhong, 2020). This study is also closely related to a strand of studies for Chinese college 
admissions that focus on the timing of rank-ordered list submissions. In their empirical study, Wu and Zhong (2014) look at students' 
academic performances after they were admitted to a college with different mechanisms across years and provinces to test the effect of 
submission timings. Lien, Zheng, and Zhong (2016) use laboratory experiments to show that the Boston mechanism combined with 
pre-exam submission has advantages in ex-ante fairness (i.e. stability w.r.t. aptitude) compared to the Serial Dictatorship mechanism, 
while Lien, Zheng, and Zhong (2017) provide a theoretical foundation for the experimental results, and show mixed results with the 
combination of Boston mechanism and pre-exam submission. Pan (2019) further expands by looking the effect of timing when in
formation about students' academic aptitudes are uncertain and some students are overconfident. The main contribution of this paper 
compared to the existing literature is to study the consequences of instability (i.e. marketing unraveling) through a two-sided 
experimental design of the matching markets. 

In this paper, motivated by the real world observation of unraveling of a college admissions matching market, we answer two 
questions: why the Deferred Acceptance mechanism can produce unstable matchings and cause market unraveling; and how the 
Immediate Acceptance mechanism can outperform the Deferred Acceptance mechanism in mending such market failure. To answer the 
question of why, we formally model the game of college admissions with standardized tests, and show that without the possibility of 
early admissions (a form of market unraveling), a stable matching mechanism that respects test scores produces unstable matching 
outcomes in terms of student aptitude. This directly predicts market unraveling, as most cases of market unraveling are caused by 
perceived instability in matching outcomes. We then design and conduct a laboratory experiment to answer the question of how. We 
combine the two mechanisms (the Immediate Acceptance mechanism and the Deferred Acceptance mechanism) with two timing 
conditions of the submission of students' rank-ordered lists of colleges. The environment is designed as a hybrid two-sided market, 
where there is a centralized, one-sided matching stage, and preceding it is a decentralized, two-sided stage where colleges can send 
early admission offers to students. The experimental results confirm the theoretical predictions, and show that the Immediate 
Acceptance mechanism combined with pre-exam submission performs best in terms of reducing market unraveling, yet it achieves that 
with little sacrifice on the stability of eventual matching outcomes. 

The remainder of this paper is organized in the following way: Section 2 formally models the game of college admissions with 
standardized test as well as introducing the two mechanisms. Section 3 presents theoretical results. Section 4 describes the design of 
the experiment. Section 5 presents experimental results. Section 6 concludes. 

2. The environment 

2.1. The model 

We outline a matching economy with a continuum of students to be assigned to a finite number of colleges. 
The set of students is denoted by S, with any student s whose type is represented by his aptitude a ∈ ℝ. The total mass of students is 

normalized to 1, and the distribution of their aptitudes follows a density function f(⋅). Each student also has a test score t after taking 
the entrance test. A standardized test determines the relationship between the test score and the aptitude: t = a + η, where η ∈ ℝ has a 
distribution with density function g(⋅), and a and η are independent. It captures the measurement error of the test, and is individually 
determined for each student. We assume that η has mean 0. That is, a test is unbiased. 
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The set of colleges is denoted by C = {c1,…,cm}, m ≥ 2. Each college ci has capacity to enroll a mass of qci students. Without loss of 
generality, we assume that the mass of total quota equals to the mass of students. 

A matching μ is an allocation of college slots to students such that the mass of students assigned to any college does not exceed its 
quota. A matching mechanism accomplishes this matching using students' reported rank-ordered lists (ROL) of colleges, and students' 
priorities. In college admissions, students' priorities at every college during the admissions are determined by their test scores: s has a 
higher priority than s′ if and only if t > t′. We also assume that all colleges have the same preferences over students, which are 
determined by students' aptitudes. 

A student also has ranking in aptitude, ra and ranking in test score, rt, measured by the mass of students with higher aptitudes and 
test scores, respectively. 

We also make the following assumptions: the distributions of aptitude and measurement error of the test (captured by f(⋅) and g(⋅)) 
are common knowledge to all students and colleges; every student knows his ranking of test score after the exam; all students have the 
same preferences over colleges; students know their own values (and by extension, rankings) of aptitude, and there exists a (costly) 
common measure of aptitude, such that whoever applies this measure on a student will get the same (true) measure of the student's 
aptitude. 

The assumption that students have the same preference over colleges is a simplification based on the nature of Chinese college 
admissions: good colleges are sought after by almost all students and students' preferences are highly correlated. The assumption that 
students know their own rankings of aptitude can be justified by the fact that students undergo many mock testings organized by their 
high schools and districts before the final gaokao, therefore they should have good ideas about where they stand within each school 
and district, and they are able to extrapolate that knowledge to the geographical units that gaokao is organized for. 

Next, since both test score-based priorities and aptitude-based preferences coexist, we define two sets of stability criteria. 
A matching μ is stable with respect to test score if there is no student-college pair (c, s) such that student s prefers college c to the 

college he is assigned to, and college c has students assigned to it who are ranked lower in test scores than student s. 
A matching μ is stable with respect to aptitude if there is no student-college pair (c, s) such that student s prefers college c to the college 

he is assigned to, and college c has students assigned to it who have lower aptitudes than student s. 
The definitions of stability w.r.t. test score and aptitude are closely related to those of ex-post and ex-ante fairness in one-sided 

college admissions matching market described in Lien et al. (2016). 

2.2. The mechanisms 

In this section we describe the algorithm of the two mechanisms we study in this paper. 
The first mechanism we study is the Immediate Acceptance mechanism (IA). The procedure of this mechanism is listed below: 
There is a priority ordering of students. In the case of centralized college admissions, it is determined by the ranks of students' test 

scores. 
Step 1: The first choices of the students are considered. For each college, consider the students who have listed it as their first choice 

and assign seats of the college to these students one at a time following their priority order until either there is no seat left or there is no 
student left who has listed it as her first choice. 

Step k (k > 1): For the students who have been rejected after step k-1, only the kth choices of them are considered. For each college 
with available seats, consider those students who have listed it as their kth choice and assign the remaining seats to these students one 
at a time following their priority order until either there is no seat left or there is no student left who has listed it as her kth choice. 

The algorithm terminates when there is no rejected student. The IA mechanism is manipulable (Abdulkadiroğlu, Pathak, Roth, and 
Sönmez, 2005; Chen and Kesten, 2017; Ergin and Sönmez, 2006), and its manipulability has also been observed experimentally (Chen 
and Kesten, 2019; Chen and Sönmez, 2006) and empirically (Chen et al., 2020); particularly, it puts heavy emphasis on how students 
list their first choices, since admission at every step is final. Such manipulability therefore often yields matching outcomes that are 
unstable (Chen et al., 2020; Chen and Sönmez, 2006; Ha et al., 2020; Roth, 1991). 

The second mechanism studied in this paper is the Deferred Acceptance mechanism (DA) (Gale and Shapley, 1962). This mech
anism played a key role in school choice reforms in Boston and New York City (Abdulkadiroğlu et al., 2005b,a). The procedure of the 
DA mechanism is listed as the following algorithm. 

For each college, a priority ordering of students is determined by the ranks of students' test scores. 
Step 1: The first choices of the students are considered. For each college, consider the students who have listed it as their first choice 

and temporarily assign seats of the college to these students one at a time following their priority order until either there is no seat left 
or there is no student left who has listed it as her first choice. 

Step k (k > 1): Each student who was rejected applies to the next college on her list. Each college then considers the students it has 
already temporarily accepted along with the new applicants, accept the ones with the highest priorities within their enrollment ca
pacities among those students, and then rejects the rest. 

The algorithm terminates when there is no rejected student. The DA mechanism is strategy-proof (Dubins and Freedman, 1981), 
and it also produces stable matchings that are most favorable to students (Roth, 1982). 

3. Theoretical results 

In this section, we present the theoretical predictions for the two mechanisms under the test-based college admissions environment. 
Since the stability and incentive compatibility of the Deferred Acceptance mechanism with deterministic priorities are well established 
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(Dubins and Freedman, 1981; Roth, 1982), we will start with the incentives for truth-telling under DA when students submit their rank- 
ordered list of colleges (ROL) before they take the exam. In this case, they only know their rankings in aptitude and the distribution of 
measurement error. It turns out that the strategy-proof property of DA still holds. 

Proposition 1. (Roth, 1989). It is a dominant strategy to reveal one's true preference under DA with pre-exam ROL submission. 

The next proposition is the extension of the standard stability result for the DA mechanism. 

Proposition 2. The DA mechanism with pre-exam ROL submission yields stable matchings with respect to test score under the 
Bayesian Nash equilibrium in dominant strategies. 

Proof. . First, it is straightforward to see that the set of stable matching (with respect to test score) is a singleton, because all students 
have identical priorities at every college, which are determined only by test scores. Next, by Proposition 1, we see that truth-telling is a 
dominant strategy under DA pre-exam, therefore truth-telling is the Bayesian Nash equilibrium in dominant strategies. Moreover, it is 
unique, because every other strategy is dominated by truth-telling. Finally, DA yields stable outcome (w.r.t. test score) when everyone 
is truth-telling. 

Different from DA, the IA mechanism encourages strategic manipulation. Specifically, students manipulate their first choices based 
on their rankings in test scores. We define the following kind of strategic manipulation under the test-based college admissions, which 
has been observed in the laboratory (Chen and Kesten, 2019) as well as in the field (Chen et al., 2020). 

Definition 1. (Rank bias). A student s with rank rt exhibits rank bias, if he ranks the least commonly preferred college as his first choice 
among all the colleges where the total quotas of all more commonly preferred colleges do not exceed his ranking in test score (rt). That is, a 
student lists college ci as his first choice if 

∑
k=1
i− 1 qck < rt, 

∑
k=1
i qck ≥ rt. 

In other words, it means a student will rank a college whose rank in quality, quota considered, corresponds to the student's rank in 
test score. The definition of rank bias is closely related to the concept of district bias in the school choice literature (Chen and Sönmez, 
2006). The following result shows that it is a strategy under IA with post-exam ROL submission. Appendix A.1 shows theoretically why 
rank bias is a Nash Equilibrium strategy under IA. 

The consequence of the above results is that the relative standings of aptitude are totally ignored during the matching. For DA, it is 
ignored because it is always best to reveal one's true preference, and assignment process depends on priorities that are entirely decided 
by test scores. It is also ignored under IA, because as long as students know their test scores, the rankings of test scores are the only 
thing they need in order to strategize their first choices. 

The following theorem then illustrates the consequences of such matching outcomes, when there are a continuum of students 
whose aptitudes are distributed following f(⋅), students and colleges have homogeneous preferences over each other, and test scores are 
noisy realizations of students' aptitudes with measurement error following g(⋅). It shows the conflicting nature of the two stability 
definitions. 

Theorem 1. In the continuum economy of the test-based college admissions, with a continuum of students whose aptitudes are 

Fig. 1. Number of blocking pairs increases with measurement error.  
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distributed following the density function f(⋅), any matching outcome that is stable with respect to test score is not stable with respect 
to aptitude with probability 1. Specifically, the proportion of students each college prefers to be matched with rather than what it is 
matched with after the centralized admissions is non-zero. 

Proof. . See Appendix A.2. 

Theorem 1 provides a non-parametric look at the potential unstable outcomes of the matching. Intuitively, how large the mea
surement error of a test is, affects how unstable the matching outcomes are, with respect to aptitude. To give a concrete example, we 
conduct a simulation with a set of parameters. In this simulated example, there are 1000 students and five colleges, each with 200 
seats. Students' aptitudes are uniformly distributed from 50 to 100, and the measurement error follows a normal distribution with 
mean 0. All students report their true preferences and are matched using the Deferred Acceptance mechanism. Fig. 1 reports the 
number of students with whom colleges would form blocking pairs, after varying the standard deviation of the distribution of mea
surement error (from 0 to 10). From this graph we can see that the proportion of blocking pairs (out of each college's capacity) in
creases as the standard deviation of measure error increases. Fig. A.2 in the appendix goes into what actually happened behind each dot 
in the previous graph by showing the distribution of aptitudes of students admitted by each college in a single simulation. 

Since DA under truthful preference revelation, and IA with post-exam submission under the Nash Equilibrium strategy both yield 
the same matching outcomes that are stable with respect to test scores, we now have the following corollary. 

Corollary 1. In the test-based college admissions, DA under post-ROL condition, and IA under post-exam condition yield Nash 
equilibrium matching outcomes that are not stable with respect to aptitude. Moreover, DA under pre-exam condition has a Bayesian 
Nash equilibrium in dominant strategies that yields an outcome unstable with respect to aptitude. 

One of the most important consequences of matchings that are not stable w.r.t. aptitude (i.e. preference) is market unraveling. This 
phenomenon has been observed in many real world matching markets where matching mechanisms produce unstable outcomes. 
Examples include matching of couples in the National Resident Matching Program (Roth, 1984), sorority rush at American universities 
(Mongell and Roth, 1991), new physicians matching in Newcastle, Edinburgh, Birmingham, UK (Roth, 1991), and an experimental 
labor market (Dargnies et al., 2019). In the case of Chinese college admissions, early admission (zizhu zhaosheng) is another form of 
such unraveling, where colleges organize separate tests and interviews, and send students early offers to secure seats ahead of 
centralized admissions with entrance exam gaokao.6 Similar two-stage market design has been used to model unraveling in the 
theoretical literature studying matching markets (Echenique and Pereyra, 2016). The following result shows why colleges have in
centives to participate in early admissions, and how market can unravel as a result. 

Proposition 3. (Unraveling). All but the last ranked colleges have the incentive to participate in early admissions when centralized 
matching is unstable with respect to aptitudes. 

Proof. . See Appendix A.3. 

While the instability with respect to aptitude under the DA mechanism is due to the fact that DA is strategy-proof, and allocation is 
entirely based on priorities, the reason for instability under the IA mechanism is different. Under the IA mechanism, students 
manipulate based on their priorities. When test scores are revealed after the exam, and ranks are known, aptitude plays no role in 
decision making. However, when scores are not known, and aptitude and the rank of it are the only clues students can follow to make 
their decisions, the fact that the IA mechanism is manipulable may make students reveal more information about their true aptitudes 
through submitted ROL. This has been shown to be the case in some matching environments in the literature, such as the concept of 
“fairness-revealing strategy” in Lien et al. (2016). The actual strategies students may employ under this mechanism-timing combi
nation depend on their cardinal utilities as well as their risk preferences. Therefore, finding and generalizing the equilibrium strategies 
is challenging. In the following section, the matching market in the experiment design serves as an example, showing that in some 
cases, the IA mechanism with pre-exam submission indeed outperforms all other combinations in terms of stability w.r.t. aptitude. 

4. Experimental design 

The previous section outlines the theoretical stability results under different combinations of mechanisms and submission timings. 
The equilibrium under the IA mechanism with pre-exam submission, however, is difficult to derive for a general case. In this section, 
we design a specific, discrete market, where equilibrium strategies can be reasonably derived for the IA mechanism, and test the 
associated theoretical predictions using a laboratory experiment. 

We implement a 2 (timing) by 2 (mechanism) factorial design to investigate the performance of the two mechanisms under two 
different timing conditions regarding when ROLs are submitted (pre-exam and post-exam). The four treatments are henceforth referred 
to as IA-pre, IA-post, DA-pre, and DA-post. 

6 There are other reasons that cause colleges to prefer early admissions. For example, Avery and Levin (2010) point out that colleges prefer early 
admissions because they provide students with opportunities to signal their interests. In this paper, we specifically focus on early admissions as a 
form of market unraveling. 
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4.1. The environment 

The game environment consists of three students, {1,2,3}, and three colleges, {A,B,C}. Each college has exactly one slot, and each 
student can occupy at most one slot. Three students are ranked by their aptitudes, 1≻c2≻c3, and three colleges their qualities, 
A≻sB≻sC. Students' and colleges' preferences over each other are described by utilities: {30,20,10}, which is the experimental points 
they earn given the students or colleges they are matched with. Matching payoffs for both students and colleges are summarized in 
Table 1. 

In the theoretical derivation, we show that colleges have incentives to participate in early admissions if they expect matching 
outcomes to be unstable w.r.t. aptitude. In the experiment, colleges are allowed to make early offers, which captures the consequences 
of market instability. Therefore, the game in this experiment consists of four stages: Early Admission Stage, Exam Stage, ROL- 
submission Stage, and Centralized Matching Stage. Under the pre-exam timing condition, the game follows the following order: 
EarlyAdmission-ROL-Exam-Matching, while under the post-exam condition, the game follows EarlyAdmission-Exam-ROL-Matching. 

Before students take the exam and submit their ROLs, colleges are given the opportunities to send binding early admission offers to 
students by paying a fee of 3 utility points. The fee represents the cost associated with the consequences of market unraveling7; as a 
result, colleges also get to know students' rankings of aptitudes (from interviewing, testing, reviewing their high school transcripts, 
etc.). The choice of 3 utility points is based on the consideration that it be close to the predicted incentives, such that while college 
players have the incentive to pay the cost to participate in early admissions, they would need some calculation to realize the fact. After 
paying the fee (i.e., organizing the early admission procedure), each college can send exactly one offer to any student. Students who 
receive the offers can choose to accept or decline the offers. Students and colleges that have reached the early admission agreements 
are removed from subsequent centralized matching market. The design of the early admissions stage is similar to Kagel and Roth 
(2000). It is a simplified environment of its real-world counterpart. The underlying process goes as following: the colleges pay the cost 
to organize an “early admission event”, where they get to reveal the aptitude measure of any students they are interested in, and then 
send offers to any students within the limitation of their admission quota. Since in the experimental environment, students' aptitude is 
determined by their type, and each college only has one slot, we omit the intermediate process. 

During the Exam Stage, the computer simulates the exam by giving each student a test score. The measurement error of the test is 
characterized by the probability parameter p as well as the spread from the mean. Each student can perform normally with probability 
p, or either overperform or underperform each with probability 1− p

2 . Students know their types (aptitudes) and the distribution of test 
outcomes of all other students. The detailed testing outcome for the students are shown in Table 2. In this experiment we choose p =
0.5. 

Either after or before taking the exam, depending on the timing condition, students who have not been admitted early by the 
colleges submit their ROLs of all three colleges, regardless whether the slot in some colleges are taken or not. If a college has reached an 
agreement and admitted a student, that college is removed from each student's ROL and does not occupy a position in students' ROLs. 
For example, Student 1 lists A − B − C and College A has already admitted Student 2, then College A will simply be removed before the 
algorithm starts and College B becomes Student 1's first choice in the subsequent matching. This design is chosen to let college players 
think about, through repeated play, what would have happened if they choose to or not to participate in early admissions, since we 
allow them to observe the past ROL choices by the students. For student players, it also removes the influence of what other subjects 
have done in this round, so that they need to think for different contingencies. 

One concern we may have, with respect to still allowing students to rank all three colleges even though one or more colleges have 
admitted students early, is that students' strategies may alter colleges' early admissions decisions. However, we will now show that as 
long as a student believes that a college, who should participate in early admissions, does not do so with any positive probability, his 
best response is to play the strategy as if no college participates in early admissions. 

Under the post-exam condition, Student 3 is the only one who will make decisions after early admissions. Suppose he believes 
College A will not participate with probability p > 0 and College B with probability q > 0. Then he believes he plays the matching game 
with three colleges with probability pq, with Colleges B and C with probability (1 − p)q, and with Colleges A and C with probability (1 
− q)p. Under DA, there are multiple best response strategies for the second and third scenario toward which Student 3 is indifferent. 
However, the only common best response for all three scenarios is the strategy of truth-telling, which is the strategy he will play. The 
same goes for the IA mechanism, where the only common best response strategy is to play rank-bias. 

Under the pre-exam condition, Students 1 and 3 will both list three colleges. Suppose they believe College B will not participate 
with probability p > 0. Then they believe they play the matching game with three colleges with probability p, and with Colleges A and 
C with probability 1 − p. It is easy to see that truth-telling is always the best response strategy for Student 1 under both mechanisms. 
For Student 3, listing B − A − C is the only common best response for both scenarios. Therefore, both Students 1 and 3 will play the 
strategies under the game where there are three colleges. 

To predict what will happen in this game environment, first we only look at the equilibrium strategies when there is centralized 
matching only, without the possibility of early admissions. Since under the DA mechanism under both timing conditions, truth-telling 
is the dominant strategy, and under IA-post, rank-bias is the equilibrium strategy once the test scores are revealed,8 for all the three 

7 This can be thought of as the cost associated with market unraveling, for example, the cost of screening students individually; the cost of students 
not studying for the rest of their high school since they know they can go to colleges for sure; social costs of rent-seeking and corruption; etc.  

8 Note that the last-ranked student is indifferent among all strategies. 
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mechanisms, matching outcomes are the same for any given realization of test scores. Table 3 summarizes the probability of ranking 
realizations of test scores and corresponding equilibrium outcomes. Most of the outcomes have blocking pairs and are unstable with 
respect to aptitude. 

The choice of test score uncertainty p as well as the payoff choice of different matches jointly determine College A and B's expected 
payoffs in the centralized matching. Given the distribution of matching outcomes, College A will have lower risk-neutral expected 
utility (26.25) compared to the utility from its match under stable matching (30). It will have sufficient incentive to pay the 3-points fee 
and send an early admission offer to Student 1, and Student 1 will accept because accepting first-order stochastically dominates not 
doing so. Conditional on the strategies of College A and Student 1, College B will now have its own incentive to send an early admission 
offer to Student 2, and Student 2 will accept as well. Only College C will be left now and it admits Student 3. The outcome is now stable, 
but at a cost of 6 points out of 60. This is summarized in Tables 4 and 5. 

However, IA-pre is a different story. Since students do not know the eventual realization of their test outcomes, they use strategies 
that maximize their expected utility. Again we only look at the equilibrium strategies for the centralized matching first. Under this 
game environment, students will play the following Bayesian Nash equilibrium strategies: Student 1 submits: A − B − C; Student B: B 
− A − C; and Student C: B − A − C. Note that Student 1 and 2 exhibit aptitude-based rank-bias strategies.9 This Bayesian Nash 
equilibrium is unique and robust to risk attitude and parameter choices, as simulation using different combinations of parameters 
shows that equilibrium strategies do not change for 0.4 ≤ p ≤ 0.6 and for risk-seeking and very risk-averse players.10 

Given such strategies, College B will now have a strong incentive to send an early admission offer to Student 2, because Student 2 
will accept it and Student 1 will not. Conditional on College B's play, College A will not have a strong enough incentive to send an offer 
to Student 1. Consequently, Student 1 goes to College A with probability 93.75%, and Student 3 6.25%. This is summarized in Tables 6 
and 7. 

4.2. Experiment procedure 

Each session consists of 15 participants in 3 groups with 5 students in each group. Three participants of them play the role of the 
students, and two participants play the role of either College 1 or College 2. Since in equilibrium, College 3 never sends any offer, to 
reduce strategic uncertainty and control the beliefs of other players, it is played by the computer using the equilibrium strategy (“doing 
nothing”), which is common knowledge explained to the subjects in the instruction. 

The experiment repeats for 20 rounds to facilitate learning. Each participant is assigned the role of either a college or a student at 
the beginning. Each round they are randomly rematched with different group members. Which college or student a participant plays is 
randomly decided each round. That is, a participant may play as different colleges or students, but he or she also plays as either a 
college or a student throughout the experiment. 

During the early admission stage, we use the strategy method to elicit students' entire strategy profiles. Specifically, before students 
receive offers from colleges, they will be asked the following questions: “If you receive offers from both Colleges 1 and 2, what would 
you do? 1. Accept College 1's offer; 2. Accept College 2's offer; 3. Do not accept any offer.”, “If you receive offer only from College 1, 
what would you do? 1. Accept the offer; 2. Do not accept the offer.”, and “If you receive offer only from College 2, what would you do? 
1. Accept the offer; 2. Do not accept the offer.”. 

At the end of the experiment, we elicit subjects' risk attitude using the lottery game from Holt and Laury (2002). The features of the 
experiment is summarized in Table A.6 in the Appendix. 

The experiment was conducted in summer 2014 at the Experimental Economics Laboratory at The Ohio State University and the 
Behavioral and Experimental Economics Laboratory at the University of Michigan School of Information. There are 180 subjects across 
12 sessions, with 3 sessions for each treatment. No one subject participated in more than one session. The average payment is $19.1, 
including a $5 show-up fee. Each session lasts about 90 min. 

Table 1 
Matching payoffs for students and colleges.  

Student type 1 2 3 College type A B C 

Matched payoff 30 20 10 Matched payoff 30 20 10  

Table 2 
Exam outcomes for each student, p = 0.5.  

Student 1 2 3 Prob. 

Underperform 12 7 2 0.25 
Normal 20 15 10 0.5 

Overperform 28 23 18 0.25  

9 Aptitude-based rank-bias happens to coincide with truth-telling for Student 1.  
10 This BNE does not change for risk parameter 0.3 ≤ γ ≤ 1.1 with functional form U(w) = wγ

γ . 
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5. Experimental results 

Since the environment is two-sided, we report the behavior of colleges and students separately. In this section, we first report the 
decisions by colleges. Then we report the decisions by students. Finally, we report the matching outcomes, including matching stability 
with respect to both test scores and aptitude. Throughout this section, the general null hypothesis is that there is no difference in 
behaviors or matching outcomes. 

5.1. Decisions by colleges and efficiency of the market 

First, we examine the proportion of colleges who participate in the early admission process, as it directly represents market 
unraveling. Recall that as long as a college sends an offer to a student, the college pays a fixed amount of fee, regardless of whether that 
student accepts the offer or not eventually. Since without early admissions, the sum of payoff is the same for all matching outcomes, the 
proportion of colleges who send early admission offers therefore serves as the proxy for the efficiency of the market. 

Fig. 2 shows the overall proportion of colleges who participate in early admissions as well as the proportions for College A and B 

Table 3 
Possible ranking realizations after the exam.  

Realized rankings DA and post-exam IA NE Probability # Blocking pairs 

1–2–3 1–2–3 0.406 0 
2–1–3 2–1–3 0.266 1 
1–3–2 1–3–2 0.266 1 
3–1–2 3–1–2 0.016 2 
3–2–1 3–2–1 0.031 3 
2–3–1 2–3–1 0.016 2  

Table 4 
Colleges' incentives to make their move before the centralized matching begins when matching outcome is only stable w.r.t. test scores.  

College Exp. payoff post-exam Payoff stable matching w.r.t. aptitude Incentive 

A 26.25 30 3.75 
B 20 20 0 
C 13.75 10 0 

Total 60 60   

Table 5 
Colleges' incentives to make their move before the centralized matching begins when matching outcome is only stable w.r.t. test scores, conditional on 
the equilibrium strategy of College A.  

College Exp. payoff post-exam Payoff stable matching w.r.t. aptitude Incentive 

B 16.875 20 3.125 
C 13.125 10 0 

Total 30 30   

Table 6 
Colleges' incentives to make their move before the centralized matching begins under pre-exam IA.  

College Exp. payoff pre-exam Payoff stable matching w.r.t. aptitude Incentive 

A 30 30 0 
B 16.875 20 3.125 
C 13.125 10 0 

Total 60 60   

Table 7 
Colleges' incentives to make their move before the centralized matching begins under pre-exam IA, conditional on the equilibrium strategy of College 
B.  

College Exp. util. post-exam Payoff stable matching w.r.t. aptitude Incentive 

A 28.75 30 1.25 
C 11.25 10 0 

Total 40 40   
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separately. Theorem 1 and equilibrium for the game environment lead to the first hypothesis. 

Hypothesis 1. (Participation in early admissions). There are significantly fewer colleges who participate in early admissions under the IA 
mechanism with pre-exam ROL submission than under the IA mechanism with post-exam submission or the Deferred Acceptance mechanism 
with either of the two timing conditions. 

Result 1. (Participation in early admissions). The IA mechanism with pre-exam submission performs best in reducing participation in early 
admissions. Specifically, the four treatments have the following order in occurrences of market unraveling (early admissions): IA-pre < DA- 
post < DA-pre < IA-post. 

Support. . Two-sided proportion test shows that IA-pre has a significantly lower participation rate than the second best, DA-post (46.7% vs 
58.1%, p = 0.002). Similarly, DA-post has a lower rate than DA-pre (58.1% vs 66.7%, p = 0.017), and DA-pre has a lower rate than IA-post 
(66.7% vs 76.9%, p = 0.002). 

By Result 1, we reject the null in favor of Hypothesis 1. This finding confirms the theoretical prediction in Proposition 3 that 
mechanisms producing matchings unstable w.r.t. aptitudes will lead to market unraveling. It is also consistent with the equilibrium 
prediction for the experimental environment that IA mechanism, combined with pre-exam ROL submission, significantly reduces 
market unraveling. 

We further break down the differences by colleges, and find that the difference between IA-pre and other three mechanisms be
comes even larger for the top college, College A (46.1% vs 70.6% (second best), p < 0.001), and diminishes for the mid-tier college, 
College B (47.2% vs 40.6%, p = 0.203). This is also consistent with the equilibrium prediction of the experimental environment, where 
it predicts that College B under both mechanisms and both timing conditions would have incentives to participate in early admissions, 
while only under IA-pre it predicts that College A would not have enough incentive to do so. 

In addition, Table 8 shows which students colleges send early admission offers to. Not surprisingly, the majority of College A's early 
admission offers are sent to Student 1, and College Bs send more offers to Student 2 than Student 1. However, there is still a sizable 
proportion of decisions deviating from the equilibrium predictions, particularly those of College B's. One possible explanation is 
strategic uncertainty. Since College B's optimal strategy is conditional on what early admission decision College A makes (as well as the 
possibility that students also do not play equilibrium strategies, especially in the case of IA-pre). Therefore, College B's decisions 
depend on what his belief about College A will do. If he believes that a sizable proportion of College A will not send early offers (in the 
case of IA-post, DA-pre and DA-post), then his expected incentive will very likely dip below the cost of 3 points. 

Moreover, since the expected incentives in Tables 4 through 7 is calculated for risk neutral players, the deviations can also be 
explained by subjects' risk aversion. For example, in the experiment we find that about 43.9% of College A's nevertheless send out 
offers to Student 1. Since even under IA-pre, College A still has 6.25% chance of admitting the worst student, therefore, risk averse 
subjects may find it attractive to send out offers early and ensure himself of a match with a better student (given the equilibrium 
strategy of Student 1). In the case of College Bs, they might also participate in early admissions even though their expected incentives 
are smaller than the cost given their beliefs about College A's decisions. Regression confirms this conjecture (see Table A.3 and Fig. A.3 
in the appendix): the more risk averse a College A player is, the more likely he or she will send out an early admission offer11 (probit 
regression, marginal effect 11.4%, p = 0.023, standard errors clustered at the session level). 

5.2. Students' strategies 

In this section, we look at the decisions by students who form the other side of the market. 
First we report students' decisions during the early admissions stage. Tables 9, 10 and 11 summarize the proportion of decisions 

when students receive both offers, the offer from only College A, and the offer from only College B, respectively. Consistent with the 
equilibrium prediction, an overwhelming majority of the students choose the offer from College A over the offer from College B. 
However, note that there are significant numbers of Student 1 s in all treatments that are also willing to accept the only offer from 
College B. This might be due to Student 1's failure to foresee non-equilibrium strategies by colleges (i.e. only College B but not College 
A sending them an early offer), therefore they choose carelessly their decisions regarding early offers from only College B. Also, under 
IA-post, there is a sizable proportion of Student B (proportion test against 0%, p < 0.01) who choose College B over College A (Table 9), 
even though that is a strictly dominated strategy. This is equivalent to rank bias, except that this happens during the early admissions. 
Such bias in this case is also unjustified. 

The results of choices by students who are not admitted early (including truth-telling and rank-biased ROL submissions) are re
ported in Appendix A.4. 

5.3. Matching outcomes 

After looking at the decisions by both sides of the market, we now analyze the matching outcomes. The prediction for the pro
portion of students and colleges who are matched early is summarized in the following hypothesis. Fig. 3 shows the proportion of 
colleges who admit students early, while Fig. 4 shows the proportion of students who are admitted by colleges early. This helps to 

11 23.3% of subjects who switch multiple times are excluded. 
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Fig. 2. Proportion of colleges who send out early admission offers (Error bars show 95% confidence intervals.)  

Table 8 
Percentage of students to whom offers are sent by colleges; equilibrium strategy in bold.   

IA DA  

College A College B College A College B  

Pre-exam 
S1 (%) 43.9 16.1 69.4 21.1 
S2 (%) 2.2 24.4 0.6 39.4 
S3 (%) 0.0 6.7 0.6 2.2 

None (%) 53.9 52.8 29.4 37.2   

Post-exam 
S1 (%) 85.0 12.2 75.0 11.7 
S2 (%) 1.1 55.0 0.6 27.8 
S3 (%) 0.0 0.6 0.0 1.1 

None (%) 13.9 32.2 24.4 59.4  

Table 9 
Students' decisions when receiving both offers.   

IA DA  

S1 S2 S3 S1 S2 S3  

Pre-exam 
Accept A (%) 98.89 88.89 84.44 98.89 87.78 86.67 
Accept B (%) 0.56 8.89 10.56 0.56 12.22 10.56 

Reject (%) 0.56 2.22 5.00 0.56 0.00 2.78   

Post-exam 
Accept A (%) 92.2 77.8 75.6 99.4 91.1 81.7 
Accept B (%) 3.9 20.0 20.0 0.0 8.9 16.1 

Reject (%) 3.9 2.2 4.4 0.6 0.0 2.2  

Table 10 
Students' decisions when receiving offer from College A only.   

IA DA  

S1 S2 S3 S1 S2 S3  

Pre-exam 
Accept (%) 99.4 96.7 90.6 98.9 98.3 95.6 
Reject (%) 0.6 3.3 9.4 1.1 1.7 4.4  

Post-exam 
Accept (%) 96.1 92.2 87.8 99.4 96.7 93.3 
Reject (%) 3.9 7.8 12.2 0.6 3.3 6.7  
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explain the empirical observation that after the policy change in Shanghai, more students were admitted early by elite colleges. 

Hypothesis 2. (Early matchings). Fewer students and fewer colleges will be matched through early admissions under the IA mechanism with 
pre-exam ROL submission than under the IA mechanism with post-exam submission or the Deferred Acceptance mechanism with either of the 
two timing conditions. 

Result 2. (Early matchings). Fewer colleges admit students early under IA-pre, and fewer students are admitted early by colleges under IA- 
pre, than under each of the other three treatments. 

Support. . For colleges, two-sided proportion test shows that IA-pre has significantly lower early admission rate than the second best, 
DA-post (38.9% vs 49.2%, p = 0.005). DA-post is not significantly different from DA-pre (49.2% vs 53.3%, p = 263), and DA-pre has 
lower rate than IA-post (53.3% vs 65.3%, p = 0.001). For students, two-sided proportion test shows that IA-pre has significantly lower 
early admission rate than the second best, DA-post (25.9% vs 32.8%, p = 0.013). Similarly, DA-post is not significantly different from 
DA-pre (32.8% vs 35.6%, p = 0.336), and DA-pre has lower rate than IA-post (35.6% vs 43.5%, p = 0.007). Additional probit re
gressions with clustered standard errors confirm this finding, shown in Table A.6 and Table A.7 in the appendix. 

By Result 2, we reject the null in favor of Hypothesis 2. The above result can be further broken down to different types of colleges 
and students. Generally, College As admit more students early than College Bs. Consistent with prediction, College As admit far fewer 
students early under IA-pre than the other three mechanisms. However, such difference does not exist for College Bs. Instead, College 
Bs admit most students under IA-post, and fewest under DA-post. 

On the students' side, the proportion of students who are admitted early is directly related to the student quality of each type, and 
almost no Student 3 is admitted early. A pattern similar to colleges' early admission outcomes can be observed for students as well: far 
fewer Student 1 s are admitted early under IA-pre than the other three mechanisms, and more Student 2 s are admitted early under IA- 
post. 

Next, we look at the matching outcomes in terms of the two criteria of stability: stability with respect to test score, and stability with 
respect to aptitude. Note that in the experimental game environment, through early admissions, the IA mechanism with post-exam 
submission and the Deferred Acceptance mechanism under both timing conditions completely eliminate instability with respect to 
aptitude. However, there is still a small chance (6.25%) of a matching outcome being unstable under the IA mechanism with pre-exam 
submission. The opposite is true for stability w.r.t. test score. Stability predictions are summarized in the following two hypotheses. 
Note that the predictions are the opposite of what would happen in the absence of early admissions. Fig. 5 shows the proportion of 
matching outcomes that satisfies each of the two stability notions. 

Hypothesis 3. (Stability w.r.t. test score). When early admissions are allowed, the stability w.r.t. test score for the four treatments has the 
following order: IA-pre>IA-post=DA-pre=DA-post. 

Table 11 
Students' decisions when receiving offer from College B only.   

IA DA  

S1 S2 S3 S1 S2 S3  

Pre-exam 
Accept (%) 41.1 93.3 95.6 47.8 78.9 96.7 
Reject (%) 58.9 6.7 4.4 52.2 21.1 3.3  

Post-exam 
Accept (%) 46.7 83.3 92.2 32.2 75.6 97.8 
Reject (%) 53.3 16.7 7.8 67.8 24.4 2.2  

Fig. 3. Proportion of colleges who admit students early (Error bars show 95% confidence intervals.)  
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Result 3. (Stability w.r.t. test score). DA is more stable than IA with respect to test score under both timing conditions. There is no difference 
within mechanisms between the two timing conditions. 

Support. . Two-sided proportion test shows that IA-pre has a significantly lower proportion of stable matchings w.r.t. test score than 
DA-pre (48.9% vs 61.1%, p = 0.020). Similarly, IA-post has a lower proportion than DA-post (50.0% vs 67.8%, p < 0.001). There is no 
timing effect (p = 0.186 and p = 0.833 for IA and DA respectively). Additional probit regressions with clustered standard errors confirm 
this finding, shown in Specification (1) in Table A.8 in the appendix. 

Result 5 fails to reject the null hypothesis that there is no difference in stability (w.r.t. test score) within IA between pre and post 
timing conditions, when early admissions are present. It also contradicts the prediction that (1) IA-pre is more stable than DA-pre and 
(2) there is no difference across mechanisms under the post timing condition. These contradictions to theoretical prediction can be 
explained by colleges' failure to employ Nash equilibrium early admission strategies. Note that under DA, if colleges do not participate 
in early admissions, truth-telling by students leads to matching outcomes that are stable w.r.t. test scores. Table 8 in Section indeed 
shows that a significant proportion of college players deviating from the equilibrium strategies. 

Next we explore stability with respect to aptitude. 

Hypothesis 4. (Stability w.r.t. aptitude). When early admissions are allowed, the stability w.r.t. aptitude for the four treatments has the 
following order: IA-pre<IA-post=DA-pre=DA-post. 

Result 4. (Stability w.r.t. aptitude). IA-post is more stable with respect to aptitude than IA-pre. There is no difference between IA-pre and 
DA-pre. There is also no difference between the two treatments under DA. 

Support. . Two-sided proportion test shows that IA-pre has a significantly lower proportion of stable matchings w.r.t. aptitude than 
IA-post (62.8% vs 73.9%, p = 0.024). However, there is no significant difference between IA-pre and DA-pre (62.8% vs 66.7%, p =
0.440), IA-post and DA-post (73.9% vs 67.8%, p = 0.202), and DA-pre and DA-post (66.7% vs 67.8%, p = 0.822). Additional probit 
regressions with clustered standard errors confirm this finding, shown in Specification (2) in Table A.8 in the appendix. 

From the above result, although we can reject the null that there is no timing effect under IA, there is no significant mechanism 

Fig. 4. Proportion of students who are admitted early (Error bars show 95% confidence intervals.)  

Fig. 5. Proportion of stable matchings w.r.t. test score (left) and w.r.t. aptitude (right) (Error bars show 95% confidence intervals.)  

M. Jiang and J. Li                                                                                                                                                                                                     



China Economic Review 79 (2023) 101963

14

difference under the pre condition. For the rest of this section, we explore why this is the case. Note that in order to reach predicted 
matching outcomes, both colleges and students need to play Nash equilibrium strategies. However, from previous finding we see that 
this is not the case. Therefore, we look at how the stable matchings (w.r.t. aptitude) are achieved, and why some matching outcomes 
are unstable (w.r.t. aptitude). 

First we investigate how stable matchings are achieved. Fig. 6 presents the proportion of stable matchings (w.r.t. aptitude) that are 
achieved without any early admissions under the four mechanism-timing conditions we study. 

Result 5. . More stable matchings w.r.t. aptitude are achieved without going through any early admissions under IA-pre. 

Support. . Two-sided proportion test shows that IA-pre has a significantly higher proportion of stable matchings (w.r.t. aptitude) 
achieved without early admissions, compared to the second best, DA-pre (28.3% vs 14.2%, p = 0.008). There is no significant dif
ference in proportion between DA-pre and DA-post (14.2% vs 11.5%, p = 0.531). IA-post has the lowest proportion (3.0% vs 11.5%, p 
= 0.008). Additional probit regressions with clustered standard errors confirm this finding, shown in Specification (3) in Table A.8 in 
the appendix. 

The above result is encouraging: we were worried that, per equilibrium prediction, IA-pre trades more early admissions for more 
unstable matching outcomes w.r.t. aptitude. Now we see that the difference in stability is so small, especially when compared to the 
reduction in market unraveling, that the benefits outweigh the costs. 

One may argue that by deliberately allowing early admissions as a policy choice, even though it is costly, it can solve the problem of 
aptitude mismatch ex post. The above result, however, shows that simply through the design of the centralized matching, similar 
outcomes can be achieved, for a much lower cost. Of course, if the top concern is stability w.r.t. test score, regardless of timing 
conditions, DA is still the preferred choice; then it is probably even better to simply restrict the use of early admissions. 

Finally, we look at matching outcomes that are unstable w.r.t. aptitude rising under different matching processes. Table 12 presents 
the classification of causes of unstable matchings. We identify three categories of causes: (1) no student participates in early admissions 
(thus all three participate in the centralized matching), and measurement error of the test causes unstable matchings; (2) one student 
participates in early admissions (thus two participate in the centralized matching), the early matching results are stable, and mea
surement error of the test causes unstable matchings; and (3) colleges send “wrong” offers to students, therefore early admission itself 
directly leads to unstable matchings. This table shows that IA-pre has the highest occurrence of unstable matchings caused by the 
measurement error in the test with all students participating in the centralized matching. However, it has the lowest occurrence of 
unstable matchings when one student is admitted through early admissions. Additionally, IA-pre again has the highest number of cases 
of unstable matchings caused by colleges admitting early worse students than the students they could have got under the equilibrium. 
Many of such cases can be avoided by not participating in the early admission at all. 

5.4. Centralized matching without early admissions 

Analyzing matching stability with early admissions has one main shortcoming: we do not know how stable matching outcomes 
would have been without the possibility of early admissions; therefore, we do not have an empirical measure of whether colleges' 
responses to potential market instability are justified. Moreover, we also do not know the effect of allowing early admissions on market 
stability. Therefore, we conducted another round of experiments using the same design parameters, except there is no early admission 
stage and colleges have no say in the admission outcomes. There are a total of 96 subjects with 24 in each of the treatment. The 
experiment was conducted at Shanghai Jiao Tong University Smith Experimental Economics Research Center in November 2022. 
Subjects only play the role of students; the game is repeated for 20 rounds with random rematching each round. We would also advise 
caution when drawing direct comparison with the original experiment since the new experiment was conducted at a different time 
with a different subject pool. 

The first observation we have (illustrated in Fig. 7) is that with only centralized matching, IA-pre, as expected, has the lowest 
stability w.r.t. scores. It also has the highest proportion of stable matching w.r.t. aptitude at 48.75%. While the difference is not 
significant from pre-exam DA, it is significantly higher than both mechanisms under post-exam timing condition (p = 0.036 vs. IA-post, 
p = 0.07 vs. DA-post, one-sided proportion test). Compared with the original experiment, we also see a strong “correction effect” of 
early admission: none of the new treatments has a stability w.r.t. aptitude exceeding 50%, while all original treatments have this 
measure above 60%. We also observe an obvious trade-off between the two types of stability, consistent with theoretical prediction. 

We also calculate the distance between the actual realized payoffs in the experiment and the theoretical stable matching payoffs 
when early admissions are available, which measures the (risk neutral) incentives for Colleges A and B, shown in Fig. 8. Consistent with 
the theoretical predictions in Section 4, the payoff distances for College A's in both mechanisms post-exam all surpass the predicted 
3.75. The distance under DA-pre, while only close to the cost threshold of 3 utils, is still significantly higher than that under IA-pre (p =
0.012 one-sided t-test). The incentive for College B under IA-pre also surpasses the predicted 3.125. This result shows that the decisions 
by colleges to participate in the early admissions are justified, as the cost of not doing so outweighs the cost of early admission itself. 

6. Conclusion 

Using standardized tests to evaluate students and select them into higher levels of education has become a hot topic around the 
world, whether it being a long used practice or not. One of the main problems with standardized tests, however, is the associated 
measurement errors. Therefore, the misalignment of priorities and preferences in the matching process is almost inevitable. Although 
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stable matching mechanisms such as the Deferred Acceptance mechanism are generally considered superior to unstable alternatives, 
especially in reducing market unraveling, this may not be the case under such case. In this paper, motivated by an unraveling market in 
the real world, we try to explain why a transition to an apparently more stable matching mechanism increases rather than decreases the 
level of instability in this market. 

We find that under the context of college admissions, when students' priorities in the matching are determined by test scores from a 
standardized test, which is a noisy realization of students' aptitudes, any matching mechanism that produces outcomes that are stable 
with respect to test score, produces outcomes that are not stable with respect to aptitude. If colleges only participate in the centralized 
admission process, then they may prefer students who are matched with other colleges, and these students also prefer to be matched 
with these colleges rather than the colleges they are currently matched with. This gives colleges incentives to circumvent the 
centralized matching, and try to admit these students in advance. Since it is the dominant strategy to reveal one's true preference over 
colleges under the Deferred Acceptance mechanism, the matching respects test scores absolutely, with no regard to a student's actual 
aptitude. Therefore, this mechanism will cause market unraveling through early admissions by colleges. On the contrary, the IA 
mechanism is manipulable, and the information of students' rankings, either of test scores or of aptitudes, is used by students to 

Fig. 6. Proportion of stable matchings achieved without early admissions (Error bars show 95% confidence intervals.)  

Table 12 
Matching outcomes that are unstable w.r.t. aptitude under different matching processes.   

Pre-exam Post-exam  

IA DA IA DA 

No early matching; Unstable centralized matching 46.3% 25% 29.8% 29.3% 
Stable early matching; Unstable centralized matching 22.4% 51.7% 57.4% 62.1% 

Unstable early matchings 31.3% 23.3% 12.8% 8.5% 
Total cases 67 60 47 58  

Fig. 7. Proportion of stable matchings w.r.t. test score (left) and w.r.t. aptitude (right) without early admissions (Error bars show 95% confi
dence intervals.) 
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strategize their rank-ordered lists. Therefore, we can take advantage of such manipulability by revealing the set of information that is 
desirable (in this case, the rankings of aptitudes rather than the rankings of test scores). 

To test the theoretical predictions, we design a laboratory matching market, where colleges can send out early admission offers to 
students ahead of the centralized matching. Yet, they can not actively participate in the matching itself once it starts. Experimental 
results show that, consistent with theoretical predictions as well as real world evidence, the Deferred Acceptance mechanism causes 
more market unraveling as more colleges send out early admission offers, circumventing the centralized matching. However, when 
students are required to submit their rank-ordered lists before they take the exam, when they only know their rankings in aptitudes, the 
IA mechanism significantly reduces the occurrence of early offers. Furthermore, the IA mechanism with pre-exam submission does not 
yield more unstable matching outcomes with respect to students' aptitudes compared to other mechanisms, even though fewer students 
and colleges go through early admissions. Even for the stable matching outcomes, significantly more of them are achieved without 
anyone participating in early admissions. Thus, we conclude that the IA mechanism under pre-exam submission condition performs at 
least as well as all other mechanisms and timing conditions in stability with respect to aptitude, and it achieves that with much less 
sacrifice in market efficiency caused by unraveling. 

While this paper shows that the IA mechanism can outperform the Deferred Acceptance mechanism in certain measures, we do not 
attempt to make policy recommendation of some mechanisms over some others, since although reducing market unraveling can be 
important, it can be equally important to some that instability with respect to test score be avoided as much as possible, due to political, 
legal, or other reasons. There are, however, ways to reconcile the conflict between the two types of (in)stability, as our results imply. 
One way is to reduce the measurement errors of college entrance exams, as it directly leads to instability w.r.t. aptitude. Although more 
costly, it can be achieved through multiple testings. For example, in Shanghai, high school students can take English language part of 
the college entrance exam twice a year, significantly reducing score uncertainty. The second way is to allow but regulate early ad
missions, aiming to reduce the financial and social cost of the practice. This can be done through the standardization of early admission 
timeline and procedures. 
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Appendix A. Appendix 

A.1. Theoretical results of rank bias under IA 

Proposition 4. Rank bias is a Nash equilibrium strategy under both the IA and the DA mechanisms with post-exam ROL submission. 

Proof. . Given the definition of rank bias, the mass of students who list college cj as their first choices using rank bias strategy equals 

Fig. 8. Average payoff distance from stable matchings for College A (left) and College B (right) without early admissions (Error bars show 95% 
confidence intervals.) 
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to qcj. This also implies that all students get into their first choice colleges. 
No student has the incentive to deviate from that strategy. Students who are ranked top qc1 will not deviate because they will 

certainly be admitted by the top college. Given that, students who are ranked between qc1 + 1 and qc2 cannot profitably deviate as well: 
if they rank a college that is below the second best college, they are strictly worse off; if they rank a college that is above the second best 
college, their chance of getting into that is 0. The same reasoning can be applied to all students down the rank. Finally for the bottom 
ranked students, they are indifferent between playing rank bias or ranking any college as their first choice. 

A.2. Proof of Theorem 1 

Proof. . The proof consists of the following steps. 
First, we show that the admissions results are assortative. That is, top qc1 students in the test are admitted into college c1, next qc2 

students are admitted into college c2, etc. This is evident given the truth-telling property of the DA mechanism and the homogeneous 
preferences of students. 

Denoting the density function of test scores as h(⋅), we partition students' test scores into m parts with cut-off points pt1, …, ptm− 1, such 
that 

∫ pti

pti− 1

h(x)dx =
qci∑

qc
.

From the above result we know that a student with test score t, pti− 1 ≤ t < pti is admitted to college ci. Note that for colleges that are 
the boundary (best school and worst school), we replace cut-off points with − ∞ and ∞. 

We do the same to aptitude so that we have cut-off points pa1, …, pam− 1. A student with score-aptitude pair (t,a) admitted by a non- 
boundary college ci will form a block pair with at least one better college if his aptitude satisfies a > qai. The probability this will happen 
is given by: Prob(a > qai|qti− 1 ≤ t < qti), which is expanded to 

Prob
(
a > pai |pti− 1 ≤ t < pti

)
=

Prob
(
a > pai , pti− 1 ≤ t < pti

)

Prob
(
pti− 1 ≤ t < pti

)

We know that t = a + η, where a has a p.d.f. f and η has a p.d.f. g. We need to calculate the joint p.d.f. of (a,a + η). Let X = a, Y = a +
η. Solving the linear equation, we have a = X, η = Y − X. We calculate the determinant of the Jacobian matrix: 

⃒
⃒
⃒
⃒
⃒
⃒
⃒
⃒
⃒

da
dX

da
dy

dη
dX

dη
dy

⃒
⃒
⃒
⃒
⃒
⃒
⃒
⃒
⃒

=

⃒
⃒
⃒
⃒

1 0
− 1 1

⃒
⃒
⃒
⃒ = 1 

So the joint distribution of (a,a + η) is given by fX, Y(x,y) = f(x)g(y − x). Go back to the probability equation, we have: 

Prob
(
a > pai |pti− 1 ≤ t < pti

)
=

∫∞
pai

∫ pti
pti− 1

f (x)g(y − x)dydx
∫ pti

pti− 1

∫∞
− ∞ f (x)g(z − x)dxdz

> 0  

given the non-trivial support of g. 

A.3. Proof of Proposition 3 

Proof. . Given the assortative nature of the game environment, we first consider the decision of the top ranked college c1. It has the 
incentive to send offers and admit early the top qa1 of students. The incentive is determined by the proportion of all students that will 
form a blocking pair with c1: 

∣ S ∣ ·Prob
(
a > pa1 |t < pt1

)
=∣ S ∣ ·

∫∞
pa1

∫ pt1
− ∞ f (x)g(y − x)dydx

∫ pt1
− ∞

∫∞
− ∞ f (x)g(z − x)dxdz  

using the same notation as in Theorem 1. Such incentive is independent of the decisions of lower ranked colleges, because any offers 
sent will be accepted given the homogeneity of students' preferences over colleges. 

Assuming the rest of the colleges and students correctly anticipate c1’s decision and outcome, the resulting market then essentially 
becomes the original market with c1 and top qa1 students removed, where c2 and qa2 are now top ranked instead. Apply the above step 
repeatedly until we have one college (the original bottom ranked) left in the market, who no longer will form any blocking pairs with 
students. 

A.4. Results of student ROL submissions during centralized matching 

The following hypothesis comes from the theoretical prediction of the truth-telling property of the DA and IA mechanism. Fig. A.1 
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reports the proportion of truthful preference revelation among students who are not admitted early and therefore participate in the 
main admissions (note that students who are admitted early do not make these decisions). We can see clear difference in the pro
portions of truth-telling between IA and DA. 

Fig. A.1. Proportion of truthful preference revelation by students (Error bars show 95% confidence intervals.)  

Hypothesis A.1. (Truthful preference revelation). More students will reveal their true preferences over colleges under the Deferred 
Acceptance mechanism than under the IA mechanism. 

Result A.1. (Truthful preference revelation). Conditional on not being admitted early, significantly more students report their true pref
erences of colleges under DA than under IA. 

Support. . Two-sided proportion test shows that IA-pre has significantly lower truth-telling rate than DA-pre (39.3% vs 62.1%, p <
0.001). Similarly, IA-post has lower rate than DA-post (25.5% vs 81.3%, p < 0.001). Additional probit regressions with clustered 
standard errors confirm this finding, shown in Table A.5 in the appendix. 

The above result rejects the null hypothesis that there is no significant difference in truth-telling between the two mechanisms, in 
favor of Hypothesis A.1. In addition to the mechanism effect on truth-telling, we also observe the effect of timing. Significantly more 
students reveal their true preferences under DA-post than under DA-pre (proportion test, 81.3% vs 62.1%, p < 0.001). Further 
investigation shows that this is mostly attributed to the misrepresentations by Student 2 and Student 3. 

On the other hand, the difference in truth-telling under IA is mostly attributed to the top ranked student, Student 1. Many fewer 
Student 1 s reveal their true preferences under IA-pre compared to each of the other three treatments. This is not surprising because 
under IA, when a student knows that he no longer ranks at the top after the test, the best strategy is not to list the best college as his first 
choice, but rather the college that corresponds to his ranking instead. 

Hypothesis A.2 is derived from the predicted student strategies in Section 4. 

Hypothesis A.2. (ROL strategies). More students will rely on their rankings of test scores when submitting ROLs under the IA mechanism 
with post-exam submission, while more students will rely on their rankings of aptitude under the IA mechanism with pre-exam submission. 

Result A.2. (ROL strategies). Students exhibit rank bias under IA with post-exam ROL submission, while they do not with pre-exam ROL 
submission. 

Support. . Specifications (1) to (4) in Table A.1 represent the effect of ranks in different treatments. Under the pre-exam timing 
conditions ((1) and (3)), rank in test score has no significant effect. Under IA-post, having a higher rank in the test leads to a 
significantly higher chance of listing a better college as first choice. Surprisingly, we also observe rank-bias under DA-post, although 
the effect is smaller than under IA-post.  

Table A.1 
Order probit: Rank of test score on Student 2's first choice.  

Dep. Var. First choice college  

(1) (2) (3) (4)  

IA-pre IA-post DA-pre DA-post 

Rank at FirstChoice=1 0.021 − 0.252*** 0.092 − 0.148***  
(0.051) (0.043) (0.061) (0.036) 

Rank at FirstChoice=2 − 0.019 0.105** − 0.071* 0.098***  
(0.048) (0.052) (0.040) (0.031) 

(continued on next page) 
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Table A.1 (continued ) 

Dep. Var. First choice college  

(1) (2) (3) (4)  

IA-pre IA-post DA-pre DA-post 

Rank at FirstChoice=3 − 0.001 0.147*** − 0.021 0.051*  
(0.003) (0.054) (0.027) (0.028) 

Observations 135 93 125 141 

Notes: Standard errors in parentheses are clustered at the session level. Reporting marginal effects for different outcomes. *** p <
0.01, ** p < 0.05, * p < 0.1. 

Table A.1 reports four ordered-profit specifications testing the effect of rank in test score on Student 2's first choice. Student 2 is the 
most interesting target of this task, because most Student 1 s are admitted early, and Student 3 is indifferent among multiple strategies. 

By Result A.2, we reject the null in favor of Hypothesis A.2. In addition to what is stated in the hypothesis, we also observe that 
submission timing even has an effect under DA as well, which is consistent with the district bias findings in experimental school choice 
literature (e.g. Chen and Sönmez (2006); Chen and Kesten (2019)), where students exhibit district school (high-priority) bias under 
DA. 

A.5. Additional figures 

The following graph goes into what actually happened behind each dot in the previous graph by showing the distribution of ap
titudes of students admitted by each college in a single simulation. The simulated matching has a standardized test with standard 
deviation 8. The distribution curves from left to right are for Colleges 1, 2, 3, 4, and 5, in order. Vertical lines from left to right are 20%, 
40%, 60%, and 80% quantiles for students' aptitudes. In a matching that is stable with respect to aptitude under the simulated 
environment, the top 20% of students should be matched with College 1, the next 20% with College 2, etc. Therefore, for College 1, the 
area to the right of the 80% quantile line that is a part of the distribution of aptitudes of students admitted by colleges of lower quality is 
the proportion of students College 1 forms blocking pairs with. The same applies to Colleges 2 through 5. Fig. A.2 illustrates the pattern 
of unstable mismatch with respect to aptitude through overlapped areas under the aptitude distributions, which are in turn caused by 
the measurement error of the standardized test. 

Fig. A.2. Number of blocking pairs increases with measurement error.  

The following figure shows the relationship between risk attitude, measured by the switching points in the lottery game, and the 
likelihood of participating in early admissions for college players (the larger the switch point is, the more risk averse a subject is).  
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Fig. A.3. Relationship between risk attitude and likelihood of participating in early admissions.  

The following graph shows College A's and Bs decision to participate in early admissions over time under different treatment. 

Fig. A.4. Proportion of colleges participating in early admissions over 20 experimental periods.  

A.6. Additional tables for experimental design  

Table A.2 
Design features of the experiment.   

Pre-exam 

IA Student and colleges participate in early admissions  
Students submit ROLs  
Test scores are revealed  
Matches are calculated using the IA mechanism  
Risk preference elicitation at the end 

DA Student and colleges participate in early admissions  
Students submit ROLs  
Test scores are revealed  
Matches are calculated using the DA mechanism  
Risk preference elicitation at the end  
Post-exam 

IA Student and colleges participate in early admissions  
Test scores are revealed  
Students submit ROLs  
Matches are calculated using the IA mechanism 

(continued on next page) 
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Table A.2 (continued )  

Pre-exam  

Risk preference elicitation at the end 
DA Student and colleges participate in early admissions  

Test scores are revealed  
Students submit ROLs  
Matches are calculated using the DA mechanism  
Risk preference elicitation at the end 

Notes: During the early admission stage, colleges choose whether to pay a 
fee to participate in early admissions; if they choose to, they then decide 
which student to send offers to; simultaneously, students decide, if they 
receive any offers, whether or which to accept. 

A.7. Additional regression tables  

Table A.3 
Probit regression: Risk preference on early admis
sion decision.  

Dep. Var. Early admission  

(1) 

HL switch point 0.114**  
(0.050) 

Observations 138 

Notes: Standard errors in parentheses are clustered 
at the session level; reporting marginal effects. *** 
p < 0.01, ** p < 0.05, * p < 0.1.  

Table A.4 
Probit regression: Treatment effects on early admission decision.  

Dep. Var. Early admission  

(1) (2) (3) 

Post 0.299*** 0.421*** 0.421***  
(0.079) (0.076) (0.076) 

DA 0.187* 0.229** 0.229**  
(0.108) (0.115) (0.115) 

Post×DA − 0.381*** − 0.373*** − 0.373***  
(0.135) (0.132) (0.132) 

CollegeB  0.015 0.015   
(0.028) (0.028) 

Post×CollegeB  − 0.240*** − 0.240***   
(0.057) (0.057) 

DA×CollegeB  − 0.095* − 0.095*   
(0.053) (0.053) 

Period   0.001    
(0.002) 

Observations 1440 1440 1440 

Notes: Standard errors in parentheses are clustered at the session level; reporting marginal effects. *** p 
< 0.01, ** p < 0.05, * p < 0.1.  

Table A.5 
Probit regression: Treatment effects on truth-telling.  

Dep. Var. Truth-telling  

(1) (2) (3) 

Post − 0.134*** − 0.345*** − 0.338***  
(0.020) (0.103) (0.104) 

DA 0.197*** 0.151 0.159  
(0.026) (0.132) (0.128) 

Post×DA 0.331*** 0.190*** 0.186***  
(0.059) (0.065) (0.064) 

Student2  − 0.609*** − 0.606***   
(0.051) (0.052) 

(continued on next page) 
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Table A.5 (continued ) 

Dep. Var. Truth-telling  

(1) (2) (3) 

Post×Student2  0.349*** 0.346***   
(0.102) (0.101) 

DA×Student2  0.130 0.123   
(0.111) (0.108) 

Student3  − 0.715*** − 0.714***   
(0.061) (0.059) 

Post×Student3  0.348*** 0.343***   
(0.117) (0.116) 

DA×Student3  0.112 0.106   
(0.129) (0.126) 

Period   0.004*    
(0.002) 

Observations 1416 1416 1416 

Notes: Standard errors in parentheses are clustered at the session level; reporting marginal effects. *** p 
< 0.01, ** p < 0.05, * p < 0.1.  

Table A.6 
Probit regression: Treatment effects on early matchings for colleges.  

Dep. Var. Matched early  

(1) (2) (3) 

Post 0.261*** 0.347*** 0.346***  
(0.068) (0.064) (0.064) 

DA 0.142* 0.216* 0.216*  
(0.107) (0.114) (0.114) 

Post×DA − 0.302** − 0.291** − 0.290**  
(0.134) (0.133) (0.133) 

College2  − 0.125*** − 0.125***   
(0.012) (0.012) 

Post×College2  − 0.193*** − 0.193***   
(0.019) (0.019) 

DA×College2  − 0.171*** − 0.171***   
(0.018) (0.018) 

Period   0.006**    
(0.002) 

Observations 1440 1440 1440 

Notes: Standard errors in parentheses are clustered at the session level; reporting marginal effects. 
*** p < 0.01, ** p < 0.05, * p < 0.1.  

Table A.7 
Probit regression: Treatment effects on early matchings for students.  

Dep. Var. Matched early  

(1) (2) (3) 

Post 0.175*** 0.227*** 0.227***  
(0.046) (0.041) (0.041) 

DA 0.100* 0.161** 0.160**  
(0.071) (0.078) (0.078) 

Post×DA − 0.202** − 0.196** − 0.195**  
(0.093) (0.092) (0.092) 

Student2  − 0.141*** − 0.141***   
(0.014) (0.014) 

Post×Student2  − 0.086*** − 0.086***   
(0.028) (0.028) 

DA×Student2  − 0.132*** − 0.133***   
(0.024) (0.025) 

Student3  − 0.381*** − 0.381***   
(0.078) (0.078) 

Post×Student3  − 0.364** − 0.365**   
(0.148) (0.148) 

DA×Student3  − 0.193 − 0.193   
(0.118) (0.118) 

Period   0.004**    
(0.002) 

Observations 2160 2160 2160 

Notes: Standard errors in parentheses are clustered at the session level; reporting marginal effects. 
*** p < 0.01, ** p < 0.05, * p < 0.1. 
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Table A.8 
Probit regression: Treatment effects on stability.  

Dep. Var. Stable w.r.t. Stable w.r.t. Stable  

Test score Aptitude w/o early admission  

(1) (2) (3) 

Post 0.011 0.112* − 0.262***  
(0.056) (0.058) (0.079) 

DA 0.119** 0.037 − 0.100  
(0.053) (0.072) (0.087) 

Post×DA 0.058 − 0.101 0.236**  
(0.090) (0.085) (0.100) 

Observations 720 720 488 

Notes: Standard errors in parentheses are clustered at the session level; reporting marginal effects. *** p < 0.01, 
** p < 0.05, * p < 0.1. The dependent variable for specification (1) is whether a matching outcome is stable w.r. 
t. test scores; for specification (2) is whether a matching outcome is stable w.r.t. aptitude; and for specification 
(3) is whether a stable matching outcome is not achieved through early admissions. 

Appendix B. Experimental instructions 

Please see the supplementary material for the complete experimental instructions. 

Appendix C. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.chieco.2023.101963. 
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Abdulkadiroğlu, A., Che, Y.-K., & Yasuda, Y. (2015). Expanding “choice” in school choice. American Economic Journal: Microeconomics, 7(1), 1–42. 
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