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Abstract

We study school segregation under different admission rules in a setting with centralized school choice

and assignment by deferred acceptance. Using Swedish administrative data on primary-school choices,

household characteristics and school attributes, we simulate counterfactual student allocations using

proximity, lottery and affirmative action to determine priorities to oversubscribed schools. We estimate

households’ preferences to predict school choices under these three counterfactual priority structures.

While school choice is often hailed as a way to cut the ties between residential and school segregation,

our results suggest that strong preferences for proximity to the school consolidates this relationship,

especially when combined with proximity-based priorities. Admission based on lottery or affirmative

action may, however, weaken this link. 18.5 percent of the variance in students’ socioeconomic status

(SES) can be explained by the school when assignment is based on proximity, but decreases by 8.5 percent

(1.6 ppt) with lottery-based priorities and by 20 percent (3.7 ppt) when implementing affirmative action.

In welfare terms, the reduced segregation stemming from abandoning proximity-based priorities comes

at a low cost: our results suggest that the effects on utility for the average household is small and that

almost 90 percent of all children are assigned to a top-three choice under all priority structures.
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1 Introduction

In recent decades, there has been a worldwide trend towards introducing and expanding school choice.1

Instead of assigning children to their neighborhood school, parents are encouraged to apply to the school(s)

of their choice.2 Many school districts now have centralized school choice programs, where an algorithm is

used to assign children to schools taking the application lists submitted by parents into account. One of the

arguments behind this development is that school choice will broaden access to quality schools and reduce

school segregation as disadvantaged students are able to opt out from their neighborhood schools. While

this may be true for individual students, the evidence suggests that school choice has rather led to increased

sorting across schools by students’ ethnic and socioeconomic background.3

In the short run, a segregated school system has been shown to have detrimental effects on the academic

performance of (especially disadvantaged) students.4 Furthermore, teachers respond to changes in the peer

composition suggesting that it may be hard to retain high-quality teachers in segregated schools with many

disadvantaged students.5 An even greater concern is whether there are more long-lasting negative effects.

Chetty & Hendren (2018a,b) establish that the childhood environment has substantial long-term effects on

college attendance and earnings. They suggest that high-quality schools may be an important neighborhood

characteristic that facilitates upward mobility.6

Several papers have investigated how parents choose schools by examining the application lists submit-

ted by parents participating in school choice programs (see e.g. Hastings et al., 2009, Borghans et al., 2015,

Burgess et al., 2015). Repeatedly, these studies find that advantaged households apply to higher performing

schools. Moreover, households consider the peer composition an important factor in school choice. This indi-

cates that school choice has become a segregating force that allows households to sort within the educational

system.

In this paper, we consider how the design of the school choice program impacts segregation in primary

school. The allocation of children to schools depends not only on their application lists but also on how these

application lists are considered during the assignment process. For example, most countries give priority

to students applying to high-school based on their grade point average (GPA). This is not an alternative

for children starting primary school, where neighborhood-based assignment has been the prevailing method

of allocation. With the introduction of centralized school choice programs, a need for more sophisticated

priority structures giving rise to a continuous ranking of students according to their priority has arisen. We

evaluate three different ways of determining priorities to oversubscribed primary schools. The first priority

structure is based on proximity, giving students residing closer to the school higher priority. Next, we consider

priorities determined by a lottery. Finally, we implement a version of controlled school choice by reserving

seats for students of underrepresented groups.

In order to analyze how these priority structures impact student sorting and school segregation, we rely

1Musset (2012) shows that two thirds of all OECD countries have introduced or expanded school choice during the last
decades.

2A neighborhood-based school assignment implies that parents can choose a school indirectly by moving to an address within
that school’s catchment area (given the financial resources to do so). We use the term school choice to refer to situations in
which parents directly apply to their preferred school(s).

3Such effects have been documented by e.g. Hsieh & Urquiola (2006) and Bifulco & Ladd (2007).
4See e.g. Hanushek et al. (2000), Billings & Rockoff (2013), Johnson (2011), Gamoran & An (2016) and Billings et al.

(2016). In addition, Burgess & Platt (2018) show that inter-ethnic relations are improved when students meet individuals from
other ethnic groups in school, which may be important from a wider perspective.

5For example Karbownik (2016) finds that teachers react to changes in the student composition and are more likely to stay
at their jobs when faced with higher ability students. In another paper, Jackson (2009) shows that when the share of black
students increased in schools in Charlotte-Mecklenburg in the US, the quality of the teachers declined as a result.

6The importance of which school to attend is also confirmed by Chetty et al. (2017), documenting that upward mobility
varies substantially at the college level.
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on a structural approach.7 Using a discrete choice model, we first estimate parents’ preferences for school at-

tributes and use the resulting estimates to construct complete application lists used in simulations of student

allocation under alternative priority structures. In the first case, a student’s priority to a school is determined

by the distance from where the student lives to the location of the school (proximity). Proximity-based ad-

mission (either by using a continuous distance measure or by giving extra priority points for neighborhood

schools) is common at the elementary school level and is used in e.g. Sweden, US, UK, Estonia and Spain.8

Our second admission criteria is a version of controlled school choice, where proximity-based priorities are

combined with reserved seats for underrepresented ethnic/socioeconomic groups (reserved seats). This kind

of affirmative action in school choice exists for example in high school admissions in Paris where students

from low income families are given extra priority points (Fack et al., 2018). Moreover, affirmative action

is sometimes implemented as the result of court ordered desegregation guidelines in the US (Abdulkadirolu

& Sönmez, 2003). Finally, we consider the case of random priorities, where each student is given a lottery

number that determines his/her priority at all schools (lottery). Randomly assigned priorities are used in

several school choice programs, e.g. Amsterdam, Beijing and New York City (see De Haan et al., 2015, He,

2017 and Abdulkadirolu et al., 2005b). These three priority structures are contrasted with the allocation of

students using school catchment zones, which is a common way to assign students to schools in the absence

of school choice (i.e. a situation in which students are allocated to schools without considering parents’

preferences for schools).

The empirical setting is a centralized school choice program in the Swedish municipality Botkyrka, in-

cluding all elementary schools in the municipality. Botkyrka constitutes an interesting setting as it has one of

the most segregated elementary school systems in Sweden (see Figure 1). The level of residential segregation

by foreign background is also high, which implies that proximity-based allocation is likely to transmit the

residential segregation into the school system, making it hard to achieve an integrated school system when

using traditional assignment methods such as catchment zones. The results of this paper are therefore of

interest also for other communities with high levels of residential segregation, aiming to achieve a diverse

school system.

We use administrative data on all primary school choices for 2011 to 2014, giving us a population of almost

4000 students.9 Each household submits an application list with three ranked choices. Allocation to public

schools is done using deferred acceptance (DA), henceforth referred to as DA, with priorities determined

by whether a sibling is already enrolled in the school and the (relative) distance to the school applied to.

Voucher schools are included in the program, enabling us to observe which households apply to voucher

schools and how they rank these relative to the other schools on their application list. However, voucher

schools have their own admission procedure, considering only applications from households listing them as

their top choice. Priorities to voucher schools are based on sibling status and first-come first-served.10

As our simulations rely on our ability to predict counterfactual school choices, the main challenge is

the extent to which we can rely on the observed application lists to reveal the parents’ preferences for

schools. Consistently estimating these parameters requires households to be truthful when submitting their

7Pathak & Shi (2017) suggest that the use of structural demand models in the school choice context can be effective when
studying counterfactual outcomes.

8See http://www.matching-in-practice.eu/elementary-schools/ for an overview of elementary school admission in EU.
Several countries, such as the UK, lack national guidelines, giving rise to local variation in admission procedures. Still, proximity
seems to be a common feature of elementary school admission in many of these countries as well. See for example Burgess et al.
(2015) for a description of admission to public elementary schools in the UK, where proximity is the main priority determinant.

9The focus on primary school starters is motivated by the fact that many children in Botkyrka attend the same school for
their entire elementary education, making the choice of primary school the important one for how segregated the school system
becomes.

10All voucher schools keep a queue, in which parents can put their child from birth. First come first served is thus not related
to the time when the application list is submitted, but to the time spent in the school’s queue.
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application lists. Although DA is a strategy-proof mechanism, the restriction in Botkyrka to list only three

schools reintroduces strategic incentives (Haeringer & Klijn, 2009). As noted by Calsamiglia et al. (2010), the

extent to which this imposes a restriction on the choosing agent depends on the true ranking of schools with

guaranteed admission. Using our knowledge about how priorities are determined, we can identify schools

where admission is as good as guaranteed. Assuming that households are rational utility-maximizing agents,

we can use the ranking of these schools to categorize some choices as truthful. We show that at least 79

percent of our sample submits (partially) truthful application lists, allowing us to credibly estimate school

preferences.

In some settings, lack of information about schools affect school choices. If parents are uninformed,

the application lists may not represent their preferences because they are unable to identify the schools

that matches their preferences. As previous studies shows that disadvantaged households apply to higher-

performing schools when provided with information on school performances (see e.g. Hussain, 2013 and

Hastings & Weinstein, 2008), we conduct a randomized experiment in which treated receive information about

schools’ pass rates on the standardized tests in Swedish and mathematics. Our analysis of the application

lists reveals that this information had no impact on school choices. This suggests that the rest of our analysis

is performed in an environment where parents know enough to make informed school choices.

We find that abandoning proximity-based priorities decreases segregation across schools. When priorities

are determined by proximity, 18.5 percent of the variation in students’ socioeconomic status (henceforth

referred to as SES) is explained by the assigned school. Using lotteries to determine admission to oversub-

scribed schools decreases segregation by 8.5 percent and implementing affirmative action leads to a 20 percent

reduction. This suggests that using proximity for tie-breaking when schools are oversubscribed mitigates

the integrating tendencies in school choice and consolidates the residential segregation in the school system.

Still, even when affirmative action policies are implemented, 14.8 percent of the variance in students’ SES

is explained by the assigned school. Our estimations suggest that the whole distribution of households have

strong preferences for proximity to the school, which in combination with residential segregation restricts how

much school segregation can be affected by the priority structures. Simulations assuming random residential

location and homogeneous preferences respectively are in line with this hypothesis.

We complement the analysis using the Duncan Dissimilarity Index (DDI) to study school segregation

by foreign background and parental education separately. While the SES-index takes into account several

dimensions of the students background, these measures are more crude as the DDI can only consider segre-

gation between to mutually exclusive groups. In line with the main results, we find a decrease in segregation

by parental education and foreign background when reserving seats for students of underrepresented groups.

Interestingly, this is not true when using lottery-based priorities. In other words, using lottery to determine

admission to oversubscribed schools decreases segregation by students’ SES but not by parental education

or foreign background. This suggests that there is important heterogeneity in SES within the groups of

students with high/low-educated parents and with/without foreign background and the decreased sorting

by SES comes from students within these groups switching schools. Finally, the welfare cost of changing the

priority structure is relatively low with small changes in utility for the average household and almost 9 out

of 10 students assigned a top three choice in all scenarios.

Our paper contributes to the small but growing number of empirical papers evaluating different admis-

sion criteria in school choice. As pointed out by, among others, Fack et al. (2018), “Despite the fact that

admission criteria impact student sorting and student welfare ... they have been relatively under-studied in

the literature”. This paper is, to our knowledge, the first to consider the impact of alternating the priority

structure in centralized school choice at the elementary school level. While the primary contribution of Fack

et al. (2018) is to provide an empirical approach for estimating school preferences when truth-telling cannot
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be assumed, they devote some attention to the impact of priority structures in assignment to Paris’ high

schools. Analyzing admission to elementary schooling separately is important since both school choice de-

terminants and admission criteria are generally different. Proximity concerns are likely to be stronger when

children are younger, restricting the schools considered for application. At higher levels, grade-based admis-

sion free households from being constrained by their residential location in terms of access to schools, while

proximity is commonly used to determine priorities at the primary school level. The data available allow us

to analyze how alternatives to proximity-based assignment impacts segregation across primary schools, with

credible estimates of parents’ school preferences.

The remainder of the paper is outlined as follows. Section 3 presents the theoretical framework and

is followed by Section 2 describing the institutional features, the data and some summary statistics of

the Botkyrka School Choice Program. Next, in Section 4 we discuss the empirical strategy for estimating

school preferences and discuss the important determinants of school choice in this setting. In Section 5,

we discuss the randomized experiment giving additional information about school performance to randomly

selected households and present the results. Section 6 discusses the simulation strategy and results from

counterfactual analysis of alternative priority structures. Finally, Section 7 concludes.

2 Institutional Setting

The Swedish elementary school system covers ten grades with children usually starting school the year they

turn six. The first year (grade K) is voluntary while the remaining nine years are mandatory (grade 1-

9). Despite the first year being voluntary, almost everyone (97 percent) attends.11 Since the early 1990s

municipalities are responsible for providing and financing the primary education of all children residing in the

municipality. There are two types of schools. Public schools that are run by the municipalities and voucher

schools operated by independent providers, but publicly funded. All schools follow the same curriculum,

stipulated in national legislation. School funding is based on vouchers directly connected to each student but

municipalities are allowed to adjust the amount based on a student’s background or disabilities.12 Neither

public nor voucher schools are allowed to charge any fees.

School choice was formally introduced in 1992, together with the reform that allowed voucher schools

to operate. Prior to this, students, in general, attended their local public school. Initially, school choice

was decentralized to the school level requiring parents that did not want their children to attend their local

public school to contact other schools directly and ask if there was room for their child there. Naturally, the

vast majority continued to attend their local public school. At the turn of the millennium the expansion of

voucher schools took off.13 Partly in reaction to this expansion, municipalities, beginning in the mid-2000

started to implement centralized school choice programs. By now, most municipalities, at least in urban

areas, have centralized school choice programs where households can apply to all public schools in their

municipality. In addition, households are allowed to apply to all voucher schools, both within and outside

their own municipality. It is also possible to apply to public schools in other municipalities, but these schools

have no obligation to accept students not residing in their municipality.14

As primary education in Sweden is decentralized, there is considerable variation in the design of the school

choice programs. There is some national legislation regulating how priorities to oversubscribed schools should

11From the school year 2018-2019, grade K will become mandatory for all children after the adoption of Proposition 2017/18:9,
implying changes to Skollag 2010:800.

12In Botkyrka, 28-44 percent of the school budget is compensatory (EY, 2014).
13Böhlmark & Lindahl (2015) show that the share of the students enrolled in voucher schools increased from 1.6 percent in

1998 compared to 11 percent by 2009.
14Under special circumstances, a child can have the right to attend a public school located in another municipality (http:

//www.skolverket.se/regelverk/mer-om-skolans-ansvar/val-av-grundskola-1.210176).
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be determined. Municipalities have to allocate students to schools based on their expressed preferences while

at the same time making sure that no students are admitted to a school too far away from their homes.15

Voucher schools are restricted to accept students based on a first come first served basis, already enrolled

siblings and the distance from the student’s home to the school. In practice, voucher schools seldom use the

last ground for admission but give priority based on enrolled siblings and time in the school-specific queue.16

2.1 The Botkyrka School Choice Program

Botkyrka is the fifth largest municipality in Stockholm county. It has a diverse population of 90,000 in-

habitants, 56 percent of which have a foreign background.17 The high level of residential segregation seems

to spill over to the educational system. As shown in Figure 1, it is among the most segregated primary

school markets in Sweden, both in terms of foreign background and parental education. Since school choice

is argued to broaden access to high quality schools, Botkyrka makes an interesting case where the potential

of school choice as an integrating force can be tested.

There are 25 primary schools offering grade K in Botkyrka, 14 of which offer all years up to grade nine.

Given this, many children stay in the same school for their entire elementary education. Although most

schools are public, there are five voucher schools, enrolling about 8 percent of the students in Botkyrka com-

bined.18 Figure 2 displays the location of the schools as well as the number of primary school starters residing

in each SAMS19 area in the municipality. The schools are concentrated to three different neighborhoods, in

the north, west and east.

The average cohort of primary school starters in Botkyrka during this time period consists of just under

1,000 students. About 95 percent of households with a child about to start primary school participate in the

municipality’s centralized school choice program. In January, all households with a child expected to start

grade K in the upcoming academic year are sent a letter informing them about the school choice program.

The letter also contains information about both the public and voucher schools in the municipality. This is

followed by a three week period during which parents can register their school choices using an online tool. All

parents have to submit three ranked choices from a list of all public and voucher schools in the municipality.

Households can also state that they have applied to a school outside the municipality, although they cannot

send their application to these schools through the online tool. About three percent of the households use

this option. Once the school choice period ends, students are allocated to schools and in April, households

are informed about which school they have been assigned to. Participation is encouraged by the fact that

there is no default school where a child is guaranteed a seat if the household does not participate in the

program. This gives strong incentives to submit an application list.

Allocation to public schools is done using the DA algorithm, with the modification of restricting the

number of schools that can be included on the application list. The algorithm is described in more detail in

the next section, together with the implications for truthfulness of using truncated choice lists. Moreover,

voucher schools deviate from the public schools in terms of how students are admitted. They consider only

applications from households listing them as their top-choice school. Priority is given to those with a sibling

15Children always have the right to stay in a school they are already enrolled in, at least as long as it is located in the
municipality they live in.

16The regulations can be found in Swedish at http://www.skolverket.se/regelverk/mer-om-skolans-ansvar/

val-av-grundskola-1.210176.
17A person is categorized as having a foreign background if he/she is born abroad and/or if both his/her parents are born

abroad.
18Four of the voucher schools are likely to cater to a very specific group of households. Two are religious (one Christian and

one Muslim), one is bilingual (Finnish-Swedish) and one uses a specific teaching method inspired by Freinet.
19SAMS stands for Small Areas for Market Statistics and is a partitioning of Sweden into about 9,500 smaller areas, based

on municipal partitioning and electoral districts, depending on the size of the municipality.
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already enrolled in the school and thereafter on a first come first served basis. In practice, this implies

that admission takes place in two rounds, beginning with the admission to the voucher schools followed

by admission to public schools (where students already admitted to voucher schools are excluded). This

is however not something households are informed about and we observe voucher schools ranked second or

third in our data, consistent with parents being unaware of this rule.

The priority orderings of public schools are based on proximity and already enrolled siblings. Children

that have a sibling enrolled in grade K-4 at a school have priority to that school over children that do not.

To get a strict priority ordering, children with and without siblings are ranked using a relative distance

measure meant to minimize the walking distance for all children. It is defined as the distance to the nearest

school (except the one for which one is calculating the relative distance to) minus the distance to the school

in question. A higher relative distance measure gives higher priority.20 Children in households that do not

submit a ranked list of schools and children that are not admitted to any of their chosen schools are assigned

to schools where there is free capacity once all other children are assigned to schools.

2.2 Data and Summary Statistics

We use administrative data on school choices of all primary school starters in Botkyrka during 2011 to

2014, giving us a population of 3,822 primary school starters for whom we observe application lists with

three ranked choices. Individual identifiers allow us to link this data set to register data from Statistics

Sweden and connect the primary school starters to their parents and siblings through the multigenerational

register. At the school level we have register data on the performance on the standardized tests in Swedish

and mathematics taken in grade three. The compulsory school register provides information on all students

enrolled in a primary school, allowing us to observe the student composition at each school. Further, Botkyrka

municipality provided us with the student capacity for grade K of all public schools during the time period

2012 to 2014. Below, we describe the set of schools and the population of primary school starters as well as

the sample restrictions we make.

Primary schools There are 25 primary schools offering grade K in Botkyrka, five of which are voucher

schools. All schools are included in the school choice program, meaning that we observe choices for all these

schools. We have to drop three of these schools, due to lack of data, implying that the choice set in our

analysis will consist of 23 schools for the 2011 to 2012 cohorts and 22 schools for the 2013 to 2014 cohorts.

In order to estimate school preferences, we need to observe the characteristics of the schools. Two of the

voucher schools are confessional schools for which we are not given access to the student composition.21 One

is a public school, opening in 2013 for which we do not observe its location (another public school closed in

2012 keeping the total number of primary schools constant at 25). Table 1 presents the characteristics of the

schools, by neighborhood. We note that the peers have a stronger socioeconomic background at the schools

in the east while those in the north have a more disadvantaged background. Immigrant students are also

over-represented in the schools in the north, while the opposite is true in the west and especially the east.

The average test score on the standardized tests in Swedish and mathematics, taken in grade three, is 12.9

points on a scale from 0 to 20, with the north performing below average and the other two neighborhoods

above average. There are no big differences in terms of the grade K capacity of the schools, with about

20The distance is measured as the walking distance using a map with only roads assessed by the municipality to be safe for
a 6-year old to walk on. This is done to ensure that the distance-measure reflects a way to school which does not require the
child to be accompanied by an adult to get to school.

21One of these schools is a Muslim school and one is a Christian school, together enrolling 34 to 49 students per year in grade
K. In order to protect the religious rights of those attending confessional schools, data on students enrolled in these schools is
not available from Statistics Sweden.
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50 seats per school. Finally, we note that the number of schools are about proportional to the number of

students living in each neighborhood. The three voucher schools in the choice set are located in the northern

and western neighborhoods.

Primary school starters The data set on school choices consists of applications for 3,903 children.22 We

exclude 81 of these children as they are registered at an address outside of Botkyrka, giving us the population

of 3,822 primary school starters. The excluded children are likely living in a household about to move to

Botkyrka and therefore invited to participate in the school choice program. We exclude them as we cannot

calculate the distance to school from their future address in Botkyrka, which is going to be important for

our analysis.23 Furthermore, we drop applications for the three schools excluded from the choice set above.

This implies that for some households, the application list will consist of two schools only. We recode these

application lists so that the highest ranked school is considered the top choice within our defined choice set

and the second highest ranked school is considered the second choice, leaving the third rank missing. Some

households also use one of their choices to report that they applied to a school in another municipality, this

is handled in the same way.

Table 2 presents summary statistics of our population of primary school starters and some characteristics

of their top choices. Botkyrka is a diverse municipality where 41 percent of the primary school starters have

a foreign background (defined as being born abroad or having two parents born abroad). The residential

segregation is striking. 73 percent of the children in the north have foreign background but only nine percent

of those living in the east. There are also large differences in the levels of education, with a more well-

educated population in the east and less well-educated in the north. The neighborhood in the west is, in

both dimensions, more mixed than the other two. In all three neighborhoods, about half of the children are

male and about half have a sibling already enrolled in a primary school in the municipality.

Most families prefer the nearest school (59 percent) or a school where they already have a child enrolled

(42 percent). The distance from home to the top-choice school is about one kilometer in the north and the

east, and about 1.4 kilometers in the west. As previous literature suggest, distance to school seems to be

an important determinant in this setting. Still, there are some differences worth pointing out. Households

in the north seem more willing to travel further than they would have to, had they attended their nearest

school. While 70 percent in the east list their nearest school as the top choice, this drops to 50 percent in the

north. Furthermore, six percent of the households in the north apply to a school in another neighborhood

and 17 percent apply to a voucher school. These shares are lower in the west and much lower in the east.

In Table 3, we summarize the characteristics of the assigned school. First, note that a very high share

is assigned their top choice, around 90 percent in all neighborhoods, and only 2 percent are rejected at

all three schools applied to. Part of the explanation for this is the significant overcapacity in the primary

school system in Botkyrka during these years, which we will get back to in Section 4.3 when we discuss the

presence of strategic incentives. There are some differences by neighborhood worth noting in terms of the

assigned school as well. It is somewhat more common not to be assigned a preferred school, attend a voucher

school and attend a school in another neighborhood for primary school starters in the north. Students

in the west travel a bit further to their schools compared to students in the two other neighborhoods.

Not surprisingly as many students attend a local school, the peers of the attended school differs greatly

between neighborhoods reflecting the differences in the populations by neighborhood. Finally, there are

22To be precise, there are 3,901 children participating but two of these children participate two years in a row. Likely, they
did not start school the first time and were therefore invited to participate in the program again next year.

23The alternative of calculating the distance from their current address is not an option, since that would not accurately
reflect the expected distance once settled in Botkyrka. When estimating preferences, this would suggest that these households
put very low value on proximity to the school which is not necessarily true.
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large differences in performances of the school attended, with the average pass rate of schools attended by

students from the north being only 30 percent. The schools attended by students from the west and east

perform much better, with an average pass rate of 43 and 61 percent respectively.

Choice opportunities Finally, we present evidence that the households in Botkyrka face real opportuni-

ties regarding the school choice. Table 4 shows that on average, households have about five schools within

two kilometers from where they live. Increasing the distance from two to three kilometers gives, on average,

two additional schools to choose from. This is important, implying that there is a choice even for households

with strong preferences for proximity, which previous research has shown are present. Table 4 also suggests

that there is substantial variation in school attributes, even when restricting the choice set to schools near

home. If only considering schools within two kilometers of one’s home, the difference in the share of peers

with foreign background (high-educated parents) is 28 (22) percentage points and about 2 points on the

average standardized test score.

3 Theoretical Background

The school choice problem arises because schools may not have the capacity to enroll all applicants. This

raises the question of which students should be accepted and which should be rejected. The school choice

problem is a many-to-one matching problem, where the solution is an allocation where each student is

matched to one (and only one) school and the capacity constraints of all schools are respected. A school

choice mechanism is a rule that, given these inputs, selects a certain matching of students to schools. The

first to address the school choice problem from a mechanism design perspective was Abdulkadirolu & Sönmez

(2003). They concluded that there were flaws in many commonly used school assignment mechanisms and

proposed two alternative ones - DA and The Top Trading Cycles (TTC) mechanism. Especially the DA

mechanism has, since then, become increasingly more popular and is now used in e.g. Amsterdam, Boston,

Paris and New York.24 A necessary input to the assignment mechanism is the students’ priorities to the

schools. A priority structure describes how these priorities should be determined.

In this paper, we will study the impact of varying the priority structure while assigning students to

schools using DA. Below we describe the DA in detail as its properties are of importance for the empirical

strategy of this paper.

3.1 Deferred Acceptance

The DA algorithm was first proposed by Gale & Shapley (1962) in the context of college admission and

adapted to the school choice context by Abdulkadirolu & Sönmez (2003).25 Suppose that all students can

rank all schools in the order that they prefer them and that all schools can rank all students in the order

that they would like to admit them (priority ordering). The DA algorithm then works as follows:

Step 1 Each student applies to his/her top choice. Each school tentatively accepts one student

at a time according to their priority ordering until their capacity is reached or no applicants

remain.

24Abdulkadirolu et al. (2005a) discuss the assignment mechanism used in Boston until 2005 and their recommended alterna-
tives and Abdulkadirolu et al. (2009) discuss the redesign of the assignment process for NYC high schools in 2003-2004.

25The two situations differ in that college admission is a two-sided matching problem while school choice is a one-sided
matching problem.
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Step k Each student rejected in round k−1 applies to their next preferred school. Each school

considers all tentatively accepted and new applicants together and tentatively accepts one student

at a time, according to their priority ordering, until their capacity is reached or no applicants

remain.

The algorithm terminates when no student is rejected, at which point all students are placed at their final

assignment. In the mechanism design literature, algorithms are often assessed by three desirable properties.

Strategy-proofness A mechanism is strategy-proof if truthful reporting of one’s preferences is a weakly

dominant strategy for all agents. A mechanism that is not strategy-proof is open for manipulation in the

sense that a student can get a more preferred school by misrepresenting his/her preferences when submitting

the application list.

Stability A mechanism is stable if it always produces a matching between students and schools that

is individually rational, non-wasteful and eliminates justified envy. Individual rationality implies that no

student assigned a school would prefer not to be assigned at all. Non-wastefulness means that no student

prefers a school with empty slots over the assigned school. A mechanism eliminates justified envy if no

student prefers another school than the assigned school where a student with lower priority was admitted.

Efficiency A mechanism is pareto efficient if it always selects an allocation that pareto dominates the

allocation selected by any other mechanism. An allocation pareto dominates another allocation if every

student weakly prefers the assignment given by the first allocation and at least one student strictly prefers

the assignment given by the first allocation. If a mechanism is pareto efficient, there is no way of improving

the outcome for one student without hurting another student.

DA satisfies two of these three properties. As priorities are independent of how a student ranks a school,

a student who has been tentatively accepted at a school can be rejected from that same school in a later

round. This feature ensures that the DA mechanism is strategy-proof.26 In addition, the DA mechanism is

stable which is a desirable property as unstable mechanisms tend to be abandoned in the real world (Roth,

2007). The one property that the DA mechanism does not have is efficiency. The DA mechanism can give

rise to a situation where two students would like to switch seats with each other, making both better off

and none worse off. Letting these students switch would however imply that stability is not guaranteed.

In practice, school officials therefore face a trade-off between efficiency and stability. The other mechanism

recommended by Abdulkadirolu & Sönmez (2003), TTC, is strategy-proof and efficient but not stable.

While the strategy-proofness of the DA mechanism has been one of the reasons for its widespread use in

school choice programs, it is often subject to modifications when implemented in practice that may break

the strategy-proofness. One of the most common modifications of the DA algorithm when used in the school

choice context is a limitation of the number of schools one can apply to, as in the case of Botkyrka where

parents cannot list more than three out of the 25 schools to choose from.

Truncated application lists Haeringer & Klijn (2009) show that truncated application lists reintroduces

strategic incentives under DA. Households may want to include one (or more) safe school(s) to avoid a situ-

ation where their child is not admitted to any of their choices. Luflade (2017) studies university applications

in Tunisia and find that truncated choice lists substantially reduce welfare as some students are rejected

26Abdulkadirolu & Sönmez (2003) provide a proof.
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at all listed choices. Abdulkadirolu et al. (2005b) and Abdulkadirolu et al. (2009) report that in NYC,

high school applicants were allowed to list five programs before the redesign of the system in 2003-2004 and

twelve programs after, with more than 500 programs to choose from. With the five-school restriction, about

50 percent of households ranked less than the maximum allowed number of schools, after the redesign the

corresponding number was 72-80 percent. This suggests that the extent of strategic behavior induced by

truncated application lists may vary with the context in which it is implemented.

Including safe choices The problem of truncated application lists can be approached from a theoretical

perspective, using the concept of safe schools.27 Let school j be defined as a safe school for household i if

the probability of admission to this school is equal to 1 conditional on applying. Suppose that application

lists are truncated as in Botkyrka, with only three choices allowed. Then:

Claim 1 If the 1st choice is a safe school, the 1st choice is truthful.

Claim 2 If the 1st choice is not a safe school but the 2nd choice is a safe school, both the 1st and 2nd choices

are truthful.

The intuition is straightforward. If you include a safe school anywhere on your application list except

for the lowest rank and there is another school that you prefer above the safe school, you would be better

off ranking the preferred school above the safe school. In Appendix A, we provide a proof of this claim

together with the necessary assumptions. Taken together, these claims imply that the submitted choices can

be considered truthful up until the highest ranked safe school if a safe school is included and is not ranked

as the last choice.

Skipping the impossible Fack et al. (2018) point to an additional problem regarding truth-telling under

DA, namely that households may skip the impossible, i.e. avoid to list schools that (they perceive) are

impossible for them to be admitted to. This problem arises because the DA mechanism’s truth-telling

properties rely on weak dominance, implying that if a school is in fact impossible for a student to be

accepted to, it makes no difference if the school is included or not on the application list (as she wouldn’t

be admitted anyway). The implication is that the DA mechanism can give rise to multiple equilibria.

4 Estimating Parents’ Preferences for Schools

In order to simulate the counterfactual allocation of students under alternative priority structures, we need

to know the counterfactual application lists. As the observed choice lists are truncated, they do not tell us

how the parents would rank the remaining schools not included in their application. To construct complete

application lists for our simulation samples, we need to recover their preferences for different school attributes.

We follow the previous literature and model this in a discrete choice framework, assuming that the parents’

utility of sending their child to a certain school can be represented by a random utility model.

4.1 A Discrete Choice Framework

Assume that household i gets the following utility of their child being admitted to school j:

Uij = X′
ijβi + εij , (1)

27Calsamiglia et al. (2010) discuss the concept of safe schools.
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where Xij is a vector of school characteristics that vary at the school or school-individual level including the

distance to school (in log), if the school is located in the neighborhood, if a sibling already attends the school,

an indicator for K-9 schools, the number of students enrolled, the average teacher experience (in years) and

the share of students with foreign background, newly-arrived immigrants, with at least one high-educated

parent (see Appendix C for a discussion about variable selection). βi is a vector of preference parameters

for these attributes and εij is an iid error term. The household can choose between the schools j ∈ Ji, where

Ji denotes the choice set of household i. Let yi be an indicator equal to j if household i chooses school j.

Assuming that households act as utility maximizing agents requires:

yi = j iff Uij > Uik ∀k ∈ Ji. (2)

The probability of household i choosing school j is then:

Pr[yi = j] = Pr[Uij > Uik ∀k ∈ Ji], (3)

which ca be rewritten, making the standard assumption that the error term εij has a type 1 extreme value

distribution, as:

Pr[yi = j] =
eX
′
ijβi∑m

k=1 e
X′ikβi

. (4)

To recover the preferences for different school attributes, we use a mixed logit model. This model is

preferred to other discrete choice models because it relaxes the IIA assumption and the restrictions on

the substitution patterns that it implies.28 Since the β-vector consists of random parameters, we need to

integrate the choice probability over all possible values of β:

Lij(βi) = Pr[yi = j] =

∫
ex
′
ijβi∑m

k=1 e
x′ikβi

f(β)dβ. (5)

Equation (5) is the likelihood function of household i and expresses the likelihood of household i choosing

school j as a function of β, where f(β) is the density function of β (in this context also referred to as the

mixing distribution). The mixing distribution describes the distribution of β in the population and we make

the standard assumption that the parameters are random variables with a normal distribution, except for

distance to school, enrolled siblings and the indicator for schools in the neighborhood, which are assumed to

be fixed across individuals.29

As there is no variation in the choice set of schools, identification of the preference parameters comes from

the rank-ordered application lists which allow us to observe the substitution patterns for each household.

One can think of the rank-ordered lists as three sequential choices and we require the model to replicate this

substitution pattern by restricting the parameters to match all three choices.30 Let y1
i be the top choice, y2

i

the second choice and y3
i the third choice. We can express the probability that household i would apply to

school j1, j2 and j3 in that order as the product of the individual probabilities of these choices:

28Independence of irrelevant alternatives (IIA) implies that the conditional probability of choosing alternative x over alter-
native y is independent of any other alternatives. IIA is often illustrated by the red-bus/blue-bus problem. Assuming IIA, the
conditional probability of commuting by car when choosing between car and a red bus is independent of whether a blue bus
is introduced. If the red and blue buses are equal except for the color, the introduction of a blue bus should have little effect
on the probability of commuting by car. Rather, we expect it to decrease commuting by the red bus thereby increasing the
conditional probability of commuting by car given the choice between car and red bus.

29We specify a continuous mixing distribution but it is also possible to have a discrete mixing distribution in which case the
mixed logit model turns into a latent class logit model.

30Berry et al. (2004) discuss how to identify preference parameters using “second-choice” data.
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Pr[y1
i = j1, y2

i = j2, y3
i = j3] =

∫ 3∏
r=1

ex
′
ijrβh∑

k∈Jr
i
ex
′
ikβi

f(β)dβ. (6)

Note that the choice set is now indexed by r, as it will change for each choice that is made. Suppose

that there are m schools to choose from. Once the household has chosen their top ranked school, there will

be m− 1 schools left for the second choice. For the third rank, the choice set will consist of m− 2 schools.

4.2 Estimation

To get the log likelihood function, we sum Equation (6) over all households:

LL =
∑
i

∑
j∈J1

∑
j∈J2

∑
j∈J3

d1
ijd

2
ijd

3
ij ln(Pr[y1

i = j1, y2
i = j2, y3

i = j3]), (7)

where drij is equal to one if household i had school j at rank r. As Equation (7) does not have a closed form

solution for β, estimation is done using maximum likelihood. We make 200 draws of β from its distribution

f(β) and for each draw, the choice probability in Equation 6 is calculated. Inserting the simulated choice

probability in Equation (7) gives us the estimated log likelihood. The value of the parameters of the

distribution of β that maximizes the value of Equation (7) is the maximum likelihood estimator.

To gain power, the model is estimated on the pooled population of cohorts from 2011 to 2014. To correctly

infer the preferences, households have to be truth-revealing when submitting their application lists. Our main

results are therefore estimated on the subset of households that are (at least partially) truthful. How this

subset is selected is described in detail in Section 4.3. To allow for heterogeneity in preferences at the group

level, we estimate the model by subgroups defined by the interaction between parental education and foreign

background. The school attributes are included with a one-year lag (except for distance, neighborhood and

sibling), assuming that parents form their expectations based on what they observe by the time they make

their choices. Given that the school attributes seem stable over time (see Figure 3), this is a reasonable

behavioral assumption.

The estimated preference parameters are presented in Table 7, with standard errors clustered at the

250 × 250 meters level.31 The coefficients should be interpreted as the change in utility from a one unit

change in the corresponding school attribute. The results suggest that all households have strong preferences

for schools located closer to home and in their own neighborhood as well as schools where a sibling is already

enrolled. All households are also more likely to choose K-9 schools and larger schools. Teacher experience,

measured by the average number of years in the occupation, does not turn out significant for any group.

The remaining variables included in the model describe the peer composition of the schools. For the full

estimation sample, we observe that fewer students with foreign background and more students with high-

educated parents are preferred, but sub-group estimations uncover important heterogeneity. Natives have

stronger preferences against peers with foreign background, but also high-educated immigrant households

prefer fewer students with foreign background which is not true for their low-educated counterparts. Further,

high-educated natives dislike schools with many newly arrived immigrant-students, while the opposite holds

for low-educated immigrant households. Finally, a school is more likely to be applied to by native households

if the peers have well-educated parents, especially the high-educated households themselves.

These results line up relatively well with previous literature also suggesting that the location and peer

composition of schools are important choice determinants. An important difference is that we fail to docu-

ment any strong preferences for school attributes related to the quality and performance of the schools. We

31Table 8 provides evidence that the results are robust to varying the level of clustering to 500× 500 and 750× 750 meters.
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leave for future work to investigate this in more detail and limit ourselves to suggest a potential explana-

tion. Our population consists of primary school starters of age 6, which is considerably younger than the

populations studied in most previous papers. Quality concerns may become more important regarding the

choice of middle school or higher education.

As we will use the estimated school preferences to create application lists in counterfactual scenarios,

it is important that they can predict school choices well. The relevant question is if we can put enough

structure on this problem to be able to use the parameters for counterfactual analysis? To assess the

prediction accuracy, we perform a 10-fold cross validation of our model. To start, we randomly divide our

pooled population of primary school starters into 10 equally sized folds. Next, we estimate our choice model

excluding one fold and use the estimated parameters to construct a predicted choice list for the excluded

fold. We repeat this 10 times (once for each fold) and combine the results to compare our predicted rankings

with the rankings observed on the application lists. Figure 8 displays the difference between the predicted

and actual rank for top, second and third choices separately. We can see that our model is best at predicting

top choices, where we correctly pick the most preferred school in 73 percent of all cases. 42 percent of second

choices are accurately predicted and 24 percent of third choices. We also note that very few predictions are

far off, suggesting that we can replicate the overall choice pattern well in our population. For example, for

the top choice our prediction is within two ranks for 89 percent of the population. Corresponding numbers

for second and third choices are 82 and 78 percent. That we can predict the actual choice behavior does not

imply that these choices reflect their actual preferences for schools, an issue we will now consider.

4.3 Are Application Lists Truth-Revealing?

Since the values of the estimated parameters are chosen to maximize the likelihood of us observing the school

choices made, the application lists must be truth-revealing for these parameters to accurately describe school

preferences. This is a necessary prerequisite for the counterfactual analysis, as deviations from truthfulness

would imply that the current choice behavior may change in another setting. While DA is a strategy-proof

mechanism, Botkyrka does not satisfy all requirements for a strategy-proof setting. In this section, we argue

that despite this, the motive for strategic behavior is minimal and describe our strategy for identifying a

large subset of truth-telling households.

Although the truncated application lists reintroduce strategic incentives even when DA is used for as-

signment, the extent to which this restriction is binding depends on the level of congestion in the educational

system. Only households expecting to be rejected at all of their three most preferred schools should deviate

from truth-telling. Table 3 showed that 92 percent are assigned their top choice and only 2 percent are

rejected at all three schools on their application list. While a high share assigned their top choices could

be the result of parents adjusting their application lists in order to avoid rejection, it is more likely to be

explained by the substantial overcapacity in the schools in Botkyrka during these years. The size of the

cohorts entering primary school in Botkyrka during this time period was unusually small and most schools

had empty seats once all students had been assigned.32 Table 5 shows that none of the schools in the

northern neighborhood was oversubscribed during 2012 to 2014.33 In the two other neighborhoods, there are

between one and three oversubscribed schools in total. Importantly, there is a variation in which schools are

oversubscribed and no school is oversubscribed to during all three years. This suggests that the truncation

does not impose much of a restriction in this setting. Furthermore, it implies that there are essentially no

32The motivation for not down-scaling was that the cohorts were expected to increase in size again, motivating a shorter time
period with excess capacity in favor of e.g. firing teachers and then having to recruit again in the near future.

33The municipality kept data on predetermined capacity limits of the schools from 2012 and onward, implying that we cannot
calculate the overcapacity for 2011.
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impossibles, i.e. households do not have any reason to expect a zero probability of admission at any school

in the municipality since they most often have seats available even after all students have been assigned.

To further substantiate the claim that the incentives for being strategic are minimal, we use the rank of

safe schools to identify truthful choices. We define a school j as being a safe choice for household i if:

− student i has a sibling enrolled in school j (in grade K-4 for public schools)

− school j was never oversubscribed during 2012 to 2014

− all applicants at the same residential location as student i was accepted at school j

Sibling status is essentially a guarantee for admission.34 Schools that are never oversubscribed are

categorized as a safe choice for all households and for household i, a school j is also categorized as safe if

everyone residing in the same geographical unit as household i who applied was admitted to that school.35

Only the first criterion is used for voucher schools, since we lack data on capacity and residential location

does not impact admission probability for these schools.

Table 9 shows that 2752 households list a school categorized as safe as their top choice. Of the remaining

1070 households, 299 have a safe school ranked second. Hence, 80 percent of our sample submit (at least

partially) truthful application lists. As outlined in Section 3, the application lists are truthful up until and

including the highest ranked safe school. The remaining 20 percent are not necessarily being strategic, but

the schools included in their application lists do not enable us to infer whether they are truth-revealing or

not.

The fact that voucher schools only consider top choices also encourages strategic behavior, had parents

known about this. Optimally, one would either apply to a voucher school of interest as the top choice or

exclude it from the application list. To our benefit, this is not communicated to parents. The data on

voucher school choices is consistent with parents not being aware of this, with the share ranking a voucher

school second on their application list being almost as high as those ranking a voucher school top (see Figure

6). While it drops somewhat for vouchers ranked third, this is likely to be explained by two of the voucher

schools in the choice set having a rather specific profile implying that those applying to these schools likely

have rather strong preferences for these schools. In any case, the share listing a voucher school as their

third choice is substantially higher than expected had they known that only top choices were considered

for admission. To further substantiate this claim, we compare the characteristics of those listing a voucher

school as their top and second choice. If some parents figured this out, we would expect those to be the

high-educated. Table 11 suggests that those with a voucher ranked top are not more educated than those

ranking it second. Finally, as voucher schools use first come first served and we lack data to investigate

whether they are oversubscribed or not, it is possible that the voucher schools are considered impossibles by

some households, which did not put their child in the queue (early enough). Without access to data on the

queues we cannot determine whether some households would have no chance of being accepted at these. This

is a question of correctly defining the choice set. [TBD: Include robustness test excluding voucher schools

from choice set.]

Residential location A household’s choice of residential location is endogenous, and while it does not

imply that application lists are not truth-revealing it can impact the estimated preference parameters if the

location was chosen specifically to increase the probability of admission to a certain school (which is possible

34The only scenario in which an already enrolled sibling would not be a guarantee for admission is if there are more applicants
with enrolled siblings than the capacity to admit grade-K students. When asked, officials at Botkyrka could not remember this
ever being the case.

35We apply this criterion only if there are at least 10 applicants from the same geographical unit as household i.
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in settings as Botkyrka where priorities are dependent on distance to school measures). Especially, it would

likely lead to overestimation of the preference for proximity. This problem should be emphasized in studies

with access only to top choices, but is less severe in our case. The rank ordered application lists allow us to

observe the substitution pattern, and as everyone is required to list a second and third choice it is possible to

infer how other school attributes are valued relative to proximity.36 We run a number of robustness checks

suggesting that this is not a concern in our case. Table 10 shows that restricting our estimation sample to

households which have not changed their residential location since their child was born, reasoning that these

households are unlikely to have chosen their residential location based on the location of a specific primary

school, does not impact the estimates much. We also estimate the model excluding top choices, which yields

very similar estimates except for a drop of the coefficient on siblings which is expected as most households

with a sibling list that school as their top choice implying that we effectively exclude schools where a sibling

is enrolled from the choice set. Importantly, the coefficients on the distance-related coefficients are very

similar.

5 Do Parents Lack Information on School Performance?

We concluded in the previous section that school performance is not an important determinant of school

choice. Previous literature suggests that this may be due to parents lacking information on, rather than

not valuing, school performance. For example, Hastings & Weinstein (2008) show an increasing share of low

income families in North Carolina choosing a better performing school when provided with information on

school test scores. Before we use the estimated school preferences for counterfactual analysis, we investigate

whether information on each school’s average test score changes the applications in favor of high performing

schools. To test this, we designed a randomized experiment within the same school choice program in 2016.

5.1 The Field Experiment

All of the 1307 children expected to start primary school in 2016 were randomly selected to a treatment or

control group. The treatment group was provided with information about the performance of all grade K

schools in Botkyrka, at the same time as the municipality informed all households about the school choice

program. We have access to the same data sets as described in Section 2.2 for this cohort. We exclude the

159 children for whom we do not later observe any school choices.37 In addition, we observe school choices

for 26 children who were never assigned a control or treatment group. These are not part of the analysis

either and are likely children of households that had not yet moved to Botkyrka when we conducted our

randomization. In the end, our sample consists of 1148 children, 580 of whom belong to the treatment group

and 568 to the control group. Summary statistics for these primary school starters are shown in Table 12.

Households in the treatment group received a letter from us with school performance information. More

specifically, for each school, we calculated the average pass rate on the standardized tests in grade three

in Swedish, mathematics and English and took the average over the years 2012 to 2014.38 In addition, we

provided a measure of how each school performed in relation to how it was expected to perform given its

student composition. This measure was constructed by first estimating the following regression on the full

population of primary schools in Sweden separately for each year 2012 to 2014:

36One could imagine setting up a two-step model in which residential location and schools are chosen sequentially, but we do
not have the data on e.g. neighborhood characteristics that would be required to model the residential choice. Therefore, we
follow the previous literature estimating school preferences and abstract from modeling this.

37These are likely households residing in Botkyrka but about to move to another municipality explaining their non-
participation in the school choice program.

38In Sweden, standardized tests are taken for the first time in 3rd grade and later in 6th and 9th grade of primary school.
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Pass ratej = α+ X′jβx + εj (8)

where X′i is a vector of variables describing the student composition of school i including the share of

boys, share with foreign background, share born abroad, share newly-arrived immigrants and the share

with high-educated parents.39 We take the average of the residuals for the Botkyrka schools from these

yearly estimations as our measure on school performance relative expected performance given the student

composition. Table 13 presents summary statistics for these two measures. There were 25 schools available

to choose from, but we drop one school from the analysis as we do not observe the performance on the

standardized tests for this school.40 We end up with 24 schools, with an average pass rate of 83 percent. The

relative pass rate is -2, indicating that the schools in Botkyrka in general perform a little worse than expected

given their student composition compared to primary schools in the rest of Sweden. In both measures, there

is considerable variation across schools.

The letter including these performance measures can be found in its entirety in Appendix J. As Botkyrka

has a large immigrant population, the letter was translated into nine different languages to ensure that

everyone would be able to understand its content. Our contact details were included should they have any

questions.

To study the impact of the information intervention, we estimate the following regression equation using

OLS:

Yi = α+ βTi + εi, (9)

where Yi is the outcome of interest, Ti an indicator equal to one if household i was assigned to the treatment

group and zero otherwise and εi is a (heteroskedasticity robust) error term. The coefficient of interest is β,

telling us the change (in percentage points) in the pass rate/relative pass rate from receiving our letter with

additional information on school performance.41 For a causal interpretation of β, we need randomization to

have been successful. Table 14 presents the results from running a regression of the treatment indicator (Ti)

on the background characteristics of our sample of primary school starters. If randomization was successful,

we would not expect any significant relationship between the background characteristics of the primary

school starters and their assigned treatment status, which is confirmed by the results.

Table 15 presents the results, showing that the information intervention had no impact on the performance

of the top choice or the average performance of the top three choices. The coefficients are negative and never

significantly different from zero. Table 16 confirms that this is true also for relevant subgroups defined by the

interaction between parental education and foreign background. Although these results may seem counter-

intuitive at first, they are in line with our previous result suggesting that school performance is not an

important determinant of school choice. The results also strengthens the argument that the application lists

reflect their school preferences, as lack of information could cause a non-strategic deviation for households

preferring good schools but being unable to identify those schools in the choice set.

39The variables included in X′i follow the specification used by the Swedish National Agency for Education to construct their
student composition measure (called SALSA).

40The school dropped from the analysis is a confessional school, for which such data is not collected by Statistics Sweden. In
2016, there were 22 households applying to this school of which 15 listed it as their top choice.

41As neither sampling nor assignment to treatment/control group was clustered, we follow Abadie et al. (2017) and do not
report clustered standard errors.
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6 Counterfactual Admission Criteria

In the previous sections, we demonstrated that the observed application lists in this school choice program are

likely to reflect the parents’ preferences for schools. We then estimated the parameters of the distribution of

preferences for different school attributes in our population. In this section, we will use these to simulate the

allocation of students to schools under counterfactual admission criteria to determine the impact of different

priority structures. As mentioned previously, the observed application lists cannot be used in simulations

since they contain no information about which school a student would prefer once rejected from the top

three choices.

6.1 Simulation Strategy

In all simulations, students will be assigned to schools using DA, but the way priorities are determined will

vary. The simulation sample consists of 1,179 primary school starters, drawn randomly with replacement from

the pooled population of the 2011 to 2014 cohorts of primary school starters. The students in the simulation

sample keep their characteristics as observed in the data, in order to resemble the actual population of

students in Botkyrka. The simulation sample faces a choice set of 22 schools, with school attributes as

observed in 2014. Using our estimated preference parameters, we construct complete application lists for

each child by calculating and ranking all schools according to their expected indirect utility. A randomly

drawn error term is added to the utility of each student. The students are then assigned schools using DA

and the priority structure under evaluation and we observe the allocation of students and the implied level

of school segregation.42

We simulate the impact of the priority structures in the short and long run. The short run simulations

should be interpreted as the effect of the priority structure during the first year after implementation. We

use 250 independently drawn simulation samples, each facing the same choice set of schools, and present the

distribution of the results over these simulations. As the priority structure could impact the peer composition

of the schools and the peer composition is one of the attributes determining school choice, households might

respond to this and apply differently the next year. To study whether the priority structures imposed have

that effect, we also simulate the impact in the long run allowing for dynamics in the peer composition of

the schools. In the long run simulations, we start with 100 independently drawn simulation samples facing

the 2014 choice set of schools. Once allocated, the peer composition at the schools is updated to reflect this

allocation and a new set of 100 independently drawn simulation samples enter the system, facing the updated

school choice set. We iterate this over a 20 year period, to see whether the immediate change is exacerbated

over time or not. The long run simulations also give a second motivation for why we need to estimate school

preferences to construct fictive application lists rather than using those observed in the data. As the peer

composition is allowed to change dynamically, students are faced with a new choice set of which the observed

application lists do not give us any direct information on how these would be ranked by different students.

When operating with significant overcapacity in the schooling system, as Botkyrka did during 2011 to

2014, the priority structures become less binding as there is less congestion. In other words, there will

be fewer situations where two students are competing for the same seat and the priority rules come into

effect to determine which student to accept and reject. In order to understand the impact of alternative

priority structures, we remove the overcapacity in the simulations by increasing the size of the cohort in our

simulation sample to 1,179, which is equal to the number of seats available in 2014 at the schools included

in the choice set.

42Note that we impose the same admission rules for both public and voucher schools in our simulations.
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The priority structures imposed, described in detail below, do not introduce any strategic incentives.

Together with DA, the simulation sample is therefore faced with a strategy-proof school choice program.43

For each student, all schools are ranked according to their indirect utility of each school. In the long-run

simulations, as school attributes are updated, some schools may become more popular over time eventually

reaching a point where some households start to consider these school as impossible. In reality, households

may then exclude these schools from their application list but in our simulations the schools will be included.

This is not a problem, since the outcomes of interest for us are related to the assigned school and not the

schools applied to per se. Whether an impossible school is included or not has no effect on the assignment,

it is only problematic when trying to infer preferences from the application lists.

In addition to looking at the three different priority structures, we will show the level of segregation

using school catchment zones. This was the prevailing system in Botkyrka prior to the introduction of school

choice and is still used in other countries to assign students to schools. With catchment zones, each school

has a geographically defined area and all students living in this area are automatically assigned to that

school. We do not know exactly how these catchment zones were defined in Botkyrka. Instead of defining

our own catchment zones, we assign students to schools in a way that resembles the goal of the allocation

Botkyrka had in mind when designing their catchment zones. Every student is initially assigned to their

nearest school. If more students are assigned to a school than there are available seats, we move the student

with the lowest additional distance to his/her next nearest school and repeat until all students are assigned

to a school and no school exceeds its capacity limit. We take this allocation to be our best guess of what

the allocation had looked like, had there been catchment zones.

6.2 Definition of Alternative Priority Structures

Here, we present the three different priority structures under evaluation.

Lottery-based priorities Each student is assigned a randomly drawn lottery number determining his or

her priority at every school, i.e. single tie-breaking. Abdulkadirolu et al. (2009) show that this is favorable in

terms of student welfare compared to multiple tie-breaking where a separate lottery is held for each school.

Note that DA with random priorities using single tie-breaking is equivalent to random serial dictatorship

(Abdulkadirolu & Sönmez, 2003).

Proximity-based priorities Students residing closer to the school are given priority over students residing

further away. Distance is calculated as the crow flies.

Proximity-based priorities with reserved seats Proximity-based priorities are combined with affir-

mative action. At each school j, a share st of all seats are reserved for students of type t, where st equals

the share of type t students in the cohort. Priorities are determined by proximity, but type t students have

priority to the seats reserved for their type over all other students. The types are defined by the interaction

of parental education and foreign background. For example, if there are 20 high-educated immigrant house-

holds, each school will reserve 20 percent of its seats to children from high-educated immigrant households.

If there are more high-educated immigrant children than the seats reserved, those residing nearest the school

are given priority. This is a version of controlled school choice, where the first theoretical application was

by Abdulkadirolu & Sönmez (2003) in the form of racial quotas. However, Kojima (2012) shows that this

implementation of quotas can actually hurt rather than help the students of the type meant to benefit from

43Although DA is strategy-proof, the way priorities are determined could introduce strategic incentives. This is for example
true for priority structures where a student’s priority is affected by the ranking of the school applied to.
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the policy. Abdulkadirolu & Sönmez (2003) use “hard” quotas, which means that if a seat reserved for

a specific type is not taken by a student of that type, it is left empty. Using simulations, Hafalir et al.

(2013) confirm that these results are not an exception but rather to be expected when using quotas of this

kind. Instead, they suggest a different implementation of affirmative action in school choice called minority

reserves, where minority students are given higher priority as long as the seats reserved for the minority

are not full. Further, if there are not enough minority applicants, the seats become available to majority

students in order to avoid empty seats. We follow their recommendation, and Appendix G describes how we

implement this in our simulations.

6.3 Impact on School Segregation

The main outcome of interest is the level of school segregation under different priority structures. We define

school segregation by student SES as the between-school variance in SES over its total variance, yielding

a measure between 0 and 1. This has an intuitive interpretation as the variance in student SES that is

explained by the school assignment and can be obtained by the R2 from regressing student SES on a full set

of school dummies. We measure a student’s SES by their predicted GPA, which should be interpreted as a

composite measure of the student’s socioeconomic background. In Appendix H.1 we describe the details of

how this measure is constructed.

Figure 9 displays the distribution of school segregation by SES over the 250 simulation samples for each

priority structure and assignment using school catchment zones. Firstly, we note that school segregation is

essentially the same with proximity-based priorities as when children are assigned to schools using school

catchment zones, with about 18 percent of the variation in predicted GPA being explained by the assigned

school. Secondly, abandoning proximity-based priorities decreases school segregation. This is not surprising,

given the high level of residential segregation which spills over into the educational system to a larger extent

when priorities are based on residential location. When a lottery determines priorities instead, the reduction

in school segregation is about 8.5 percent while reserved seats leads to a 20 percent reduction.

While lottery-based priorities cut the ties between residential and school location in terms of admission,

the relationship is not eliminated as parents have strong preferences for proximity. Still, there are households

willing to let their children travel further in order to attend a more preferred school than those nearby their

home. Some of these households are going to get a high enough lottery number to attend a school further

away which they would not have been admitted to if their priority had been determined by their residential

location. Reserved seats strengthen this effect by explicitly prioritizing students that contribute to the

diversity of the school applied to, for example immigrants applying to schools with a mainly native student

population. This priority structure thus encourages reallocations that lead to reduced levels of segregation

across schools. Another reason why the lottery does not lead to the same level of reduction is that it may also

be giving for example native students in immigrant dense schools the opportunity to opt out of their local

school and attend a school with fewer immigrants further away. The impact of the lottery-based priority

structure is thus the net effect of both integrating and segregating reallocations of students.

In Figure 10 we look at one-dimensional measures of school segregation using the DDI. The left panel

displays segregation by parental education and the right panel by foreign background. While proximity-based

assignment again yields essentially the same level of segregation by parental education as using catchment

zones, we note that students become slightly less sorted in terms of foreign background when allowed to

choose schools. Next, the lottery-based priorities do not substantially impact school segregation compared

to proximity-based assignment. Only when seats are reserved do we see an impact comparable to the effect

on student SES. This has two potential explanations. Since lottery-based priorities decrease segregation by
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SES using a composite measure including several dimensions of the student’s background, we know that there

is a reallocation of students going on. This implies that either the lottery-based priorities do not reallocate

students along these dimensions or the segregating and integrating effects mentioned above completely offsets

each other. Either way, this suggests that there are important heterogeneities within groups and that schools

may become more diverse in terms of student SES without this being captured by one-dimensional measures.

To further understand how these priority structures affects the allocation, we look at the share with high-

educated parents and the share with foreign background at the school level. Figure 11 shows the change

in these shares for lottery-based priorities and reserved seats relative to priorities based on proximity. We

note that the sign of the change is the same for most schools, but the magnitude is amplified when seats are

reserved for underrepresented types. We also see that the peer composition changes dramatically at some

schools. For example, the share of students with foreign background drops by 20 percent in one school and

increases by about 15 percent in another. At the same time, some schools are essentially unaffected by how

priorities are determined. This suggests that the reduced segregation is explained by large changes in the

peer composition at a specific set of schools.

6.4 Impact on Other Outcomes

In addition to school segregation, another important outcome of a school choice program is how well it

satisfies the parents’ preferences for schools. As school choice is meant to give parents a say about the school

their children will attend, its credibility depends on its ability to assign students to highly enough ranked

schools. An obvious outcome to look at is the share assigned to a preferred school. Panel a) of Figure 12

shows the share assigned to their top choice and panel b) the share assigned to a top three choice under each

priority structure. Abandoning proximity-based priorities decreases the share assigned to their top choice

from 78.89 to 77.37 (76.40) when using lottery (reserved seats), implying that between 25 and 35 fewer

students are assigned to their most preferred school. The fact that proximity-based priorities outperform

the other priority structures in assigning students to their top choices, is explained by the fact that this

priority structure aligns well with the majority of households having a strong preference for schools located

near their residence. In other words, proximity-based priorities tend to give most students high priority to

schools that they rank highly. However, the difference decreases to the magnitude of one percentage point

when looking at the share assigned to a top three choice, from 89.97 to 88.59 percent for both lottery-based

priorities and when using reserved seats.

We can also calculate the indirect utility of the assigned schools under each priority structure. Figure 13

shows that while utility decreases when switching from proximity to lottery and again switching from lottery

to reserved seats, the magnitude is small. The welfare loss of not assigning students to their top choices

may therefore be acceptable for school districts putting much weight on fighting school segregation, since

households seem content with their second and third choices as well.

Another important dimension is how far away the assigned school is located. Both previous literature and

our own estimates suggest that proximity is an important factor. Figure 14 shows that the average distance

to the assigned school is about 1041 meters when using proximity-based priorities and increases by up to 180

meters when using one of the other ways to determine priorities. This increase is driven by students assigned

to a top-choice school, which points to the complexity of using distance to school to evaluate whether one

allocation is better than another.
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6.5 Heterogeneity and Mechanisms

The heterogeneity across the three neighborhoods in Botkyrka and the fact that the majority of the house-

holds seem to have strong preferences for sending their children to a school within their own neighborhood,

motivates an analysis at the neighborhood level. Figure 16 shows that segregation is generally higher in the

west and east, where the decrease in segregation is also greater when abandoning proximity-based priori-

ties. Table17 shows that most students stay in a school in their own neighborhood. With proximity-based

priorities, the schools in the east are populated only by students living in the east, but with other types of

priorities, some seats are taken by students from the north. Schools in the west are least affected by the

priority structures in terms of which neighborhood their students come from.

To see whether there is heterogeneity in how households are impacted by different priority structures, we

look at utility by household type. Figure 19 shows that while the changes are generally very small, utility

decreases for high-educated native households when they lose the privilege to the schools located near their

homes.

The preference for attending a school within one’s neighborhood seems to restrict how much segregation

can be reduced within a school choice program while still respecting parents’ preferences. Burgess et al.

(2015) study school choice in England and finds that a large part of the differences in which schools are

chosen by advantaged and disadvantaged households are explained by differences in available schools rather

than differences in underlying preferences for school attributes. In order to study how much the residential

segregation contributes to the segregated school assignments, we randomly reallocate the residential location

of our population and repeat our simulations.44 This corresponds to a scenario in which there are some

differences between household types in terms of their preferences for schools but no residential segregation.

Figure 20 to 21 shows that segregation decreases substantially compared to Figure 9. Without the residential

segregation, proximity-based priorities give an allocation of students to schools where about three percent

of the variation in student SES is explained by the assigned school. As all groups have strong preferences

for proximity, it is not surprising that the residential segregation has a large impact on school segregation.

In addition, we study a scenario in which the residential segregation is as observed in our data, but impose

the same preferences on all households. This shifts the distribution of the DDI slightly to the left, implying

that differences in preferences explain part of the segregation across schools but not as much as residential

segregation. Given these preferences, the priority structures impact segregation in the same direction as in

our main scenario.

6.6 Long Run Simulations

As the priority structures impact the allocation of students to schools, some schools experience quite large

changes in peer composition (this was evident in Figure 11). This could imply that the demand for certain

schools changes, as parents observe how the peer composition changes. For example, we noted in Section 4

that households prefer schools with less immigrants. If a school experiences a sharp increase in the number

of children with foreign background, parents might be inclined to avoid this school the following year. To

study the dynamic effects of changing the priority structure, we present results from simulations in the long

run. Figure 17 to 18 show segregation measured by student SES, foreign background and parental education

over a 20 year period. We note that school segregation is remarkably stable over time, suggesting that the

initial changes to the peer composition do not offset any greater changes over time.

44To keep the overall residential patterns, each sampled student is given a location where we observe the residence of at
least one primary school starter. Further, when randomizing locations we use weights proportional to the number of students
residing in each location in order to replicate to overall population density in each location.
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7 Concluding Remarks

We study the effects on school segregation when altering the priority structure in a centralized school choice

program using DA to assign students to schools. Three types of priority structures are evaluated: proximity-

based, lottery-based and reserved seats with proximity as a tie-breaker. Given the widespread use of the DA

mechanism in school choice programs and the potential importance of priority structures when allocating

students, this is an understudied subject. We find that school segregation by student SES decreases when

proximity-based assignments are abandoned, with a magnitude of 8.5 (lottery) to 20 (reserved seats) percent.

As the majority of the children will continue in the same school for the entire compulsory education, one

should keep in mind that it implies a relatively long exposure time to a less segregated school.

The magnitude is greater when explicitly reserving seats for students contributing to the diversity of the

school. Some households apply to schools where their child would belong to an underrepresented group.

Such applications are prioritized under affirmative action, while some would randomly receive low priority

when using lottery-based priorities. Moreover, the lottery may also prioritize students applying to schools

in order to escape schools where they are in minority. Hence, while reserved seats encourage reallocations to

decrease segregation, lottery-based admission facilitates both segregating and integrating reallocations. We

also document that decreased segregation by student SES is partly explained by heterogeneity and reallo-

cations within groups, explaining why the lottery-based priorities do not decrease segregation by parental

education or foreign background.

Finally, the reduction of school segregation comes at the cost of increased distance to the assigned school

and allocating less students to their top choice. From a social planners perspective, it is a matter of deciding

the weights on decreasing school segregation and assigning students to preferred schools. One argument for

not putting all the weight on the latter is that parents may not internalize the impact on others of their school

choice(s). Still, the trade-off between decreasing school segregation and satisfying parents’ preferences may

not be very large. While the share assigned to a top-choice school decreases when abandoning proximity-

based priorities, the three priority structures perform about the same if we look at the share assigned to

top-three choices. Furthermore, the increase in distance to school is driven by students preferring to travel

further in order to get a school that they like. It should thus not be regarded as a welfare loss.

The impact of varying the priority structures may be dependent on the setting studied. Botkyrka is an

interesting case to study, with high residential segregation and clearly separated neighborhoods. Our paper

shows that the mobility between neighborhoods is limited, even when admission rules become more beneficial

for applicants from other neighborhoods. The reduced segregation is to a large extent explained by within

neighborhood reallocation of students. The impact of changing the priority structures is thus mitigated by

parents’ unwillingness to let their children commute to a different neighborhood. In a setting with shorter

distance between the neighborhoods, the priority structures may thus have an even greater impact. On

the other hand, this greater impact may be offset by dynamic effects with greater response to a changing

peer composition. In addition, the mobility is likely lower for younger children, suggesting that the priority

structures could have an even greater impact on for example segregation at the middle school level.

To conclude this paper, priority structures may be an important policy tool for school districts to fight

school segregation. Relative to the ease with which they can be modified and the low monetary cost of such

a change, the impacts are not negligible. Furthermore, the welfare costs appear relatively small. At the

same time, the residential location of households plays an important role and restricts the efficacy at which

priority structures impact the allocation of students. Additionally, one should keep in mind that different

priority structures are beneficial to different types of households. The question of how to determine priorities

is therefore closely related to what one thinks is a fair way of allocating school seats.
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A Proof of Claims Regarding Truth-Telling

Assumptions: Assume that all schools j ∈ N are acceptable and that the households are not indifferent

between any two schools ∈ N . Households are risk-neutral and rank the schools in order to maximize their

utility as expressed in Equation 1. All schools have a strict priority ordering over students, independent of

the households’ ranking of schools. All students have a positive probability p of being accepted to any school

j ∈ N , i.e. ∀h,∀j : pij > 0. pij can be interpreted as household i’s probability of having a priority above the

capacity cut off for school j. A school j is defined as safe for household i if the probability of household h

being admitted to school j is equal to 1, i.e. school j is a safe school for household h if phj = 1. Assume also

that households are able to determine whether a school is safe or not.

Proof of claim 1: Suppose that household h lists school j as their top choice, and that school j is

a safe school. Since phj = 1, the expected utility of submitting any ranking where school j is the top choice

is Uj . Suppose now that there exists (at least) one other school k that is preferred to school j (Uk > Uj).

If household h would modify the ranking and list school k as their top choice, their expected utility would

be equal to pkUk + (1− pk)Uj . Since 0 < pk < 1 and Uk > Uj , it follows that pkUk + (1− pk)Uj > Uj and

household h would be better off with the modified ranking. Hence, if household h submits a safe school j as

their top choice, there cannot exist any other school k ∈ N that is preferred to school j.

Proof of claim 2: Suppose that household h lists the non-safe school k as their top choice and the

safe school j as their second choice. The expected utility of this ranking is pkUk + (1 − pk)Uj . Suppose

that school k is not preferred to school j (Uk < Uj). If household h would modify their ranking and list

school j as their top choice, they would get utility Uj since pj = 1. Since Uk < Uj and pk > 0, this im-

plies that Uj > pkUk + (1 − pk)Uj , which means that household h would be better off with the modified

ranking. Hence, given that school j is ranked second, it must be that school k is preferred to school j.

Next, suppose that there is another school l that is preferred to school j (Ul > Uj). If household h would

modify their ranking and rank school l above school j (as their top or second choice), they would get ex-

pected utility pkUk + pl(1 − pk)Ul + (1 − pk − pl(1 − pk))Uj . Since Ul > Uj and pl > 0, this implies that

pkUk + pl(1 − pk)Ul + (1 − pk − pl(1 − pk))Uj > pkUk + (1 − pk)Uj , and household h would be better off

with the modified ranking. Hence, given that school j is ranked second, there cannot exist any other school

l 6= k ∈ N that is preferred to school j.

27



B Institutional Setting: Figures and Tables

Figure 1: School Segregation by Municipality in Sweden, 2011
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Notes: This figure displays the level of the Duncan Dissimilarity Index (DDI) for all municipalities in Sweden in terms of

parental education (left panel) and foreign background (right panel). Botkyrka municipality is indicated by the red bar. The

DDI can be interpreted as the share of students of one group (e.q. high-educated parents) that would have to switch to

another school in order to produce a distribution of students in each school that matches the distribution of the entire student

population. See Appendix H.2 for more details on the DDI.

Figure 2: Map of School Locations in Botkyrka, 2014
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Notes: This map displays the location of the 22 primary schools in Botkyrka in 2014 included in the analysis. See Section 2.2
for a discussion about sample restrictions on schools. The map is color coded by the number of primary school starters in 2014
residing in each SAMS area ( c©SCB).
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Figure 3: School Atributes Over Time, 2011-2014
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Notes: This graph presents the number of students enrolled in grade K-5, the average test score (max = 20) on the

standardized tests in Swedish and mathematics taken in grade three, the share with high-educated parents (defined as having

at least one parent with university level education) and the share of students with foreign background (defined as being born

abroad or having both parents born abroad) by year (2011-2014) for each school.
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Figure 4: Correlation Between Test Scores and GPA
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Notes: This graph presents a scatter plot of the relationship between a school’s score on the standardized tests in Swedish and

mathematics in grade three (max = 20) and the grade point average in grade nine (max = 320) for all grade K-9 schools in

Botkyrka.
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Figure 5: Histograms of School Attributes
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Notes: These graphs display histograms of school attributes for the pooled sample of primary schools 2011 to 2014. Average
test scores is the school average test score (max = 20) on the standardized tests in Swedish and mathematics taken in grade
three. Foreign background is the share of students born abroad or with both parents born abroad. High-educated is the share
of students with at least one parent with university level education. Certified teachers is the share of certified teachers at the
school. Student-teacher ratio indicates the number of students per teacher. Days in unemployment indicates the parents’ yearly
average of days receiving unemployment benefits. Newly arrived immigrants is the share of students that arrived to Sweden
during the last four years. Parental income is the average yearly parental income measured in 100 SEK. Allowance recipient
is the share of households that receive social assistance or housing allowances.
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Table 1: Summary Statistics for Grade K Schools, 2011-2014

All By neighborhood

North West East

Average test score 12.92 12.38 13.13 13.70

(1.25) (1.23) (1.18) (0.86)

Foreign background (share) 0.47 0.77 0.30 0.12

(0.31) (0.12) (0.19) (0.03)

High-educated (share) 0.46 0.34 0.49 0.67

(0.16) (0.08) (0.10) (0.09)

Capacity in grade K 52.04 50.22 52.91 54.60

(20.44) (17.44) (25.81) (17.97)

Average number enrolled (K-5) 259.84 242.10 266.83 284.85

(96.46) (61.16) (135.95) (79.37)

Certified teachers (share) 0.76 0.74 0.74 0.81

(0.10) (0.08) (0.13) (0.08)

Student-teacher ratio 13.97 12.15 14.44 16.89

(3.19) (2.29) (3.07) (2.52)

Newly arrived immigrants (share) 0.05 0.09 0.03 0.01

(0.07) (0.08) (0.05) (0.01)

Parental income (100 SEK) 2735.82 1903.93 3124.21 3817.00

(953.59) (412.98) (739.01) (387.67)

Allowance recipient (share) 0.19 0.29 0.16 0.05

(0.14) (0.11) (0.12) (0.03)

Days in unemployment 44.20 71.62 29.40 11.54

(30.66) (20.68) (17.34) (3.70)

Grade 9 school 0.62 0.80 0.67 0.20

(0.49) (0.41) (0.48) (0.41)

Observations 90 40 30 20

Notes: This table presents the mean and standard deviation of each variable for the sample primary

schools in Botkyrka 2011-2014. Average test score is the school average score (max = 20) on the

standardized tests in Swedish and mathematics taken in grade three. Foreign background indicates

the share born abroad or with both parents born abroad. High-educated indicates the share with at

least one parent with university level education. Capacity in grade K indicates the average number

of seats available for primary school starters. Average number enrolled indicates the average number

of students enrolled in grade K-5. Certified teachers is the share of certified teachers at the school.

Student-teacher ratio indicates the number of students per teacher. Newly arrived immigrant indicates

the share with less than 4 years in Sweden. Parental income is the average parental income measured

in 100 SEK. Allowance recipient indicates the share of students living in households that receive

social assistance or housing allowances. Days in unemployment indicates the parental yearly average

of days with unemployment benefits. Grade nine school indicates that the school starts at grade K

and continues up to grade nine.
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Table 2: Summary Statistics for the Primary School Starters, 2011-2014

All By neighborhood

North West East

High-educated (share) 0.52 0.38 0.54 0.73

(0.50) (0.49) (0.50) (0.45)

Foreign background (share) 0.41 0.73 0.27 0.09

(0.49) (0.44) (0.44) (0.29)

Newly arrived immigrants (share) 0.04 0.06 0.03 0.01

(0.18) (0.24) (0.16) (0.08)

Male (share) 0.51 0.50 0.51 0.51

(0.50) (0.50) (0.50) (0.50)

Sibling enrolled (share) 0.49 0.48 0.51 0.49

(0.50) (0.50) (0.50) (0.50)

Characteristics of top choice

Distance (meters) 1106 959 1399 968

(1354) (1272) (1664) (912)

Additional distance from nearest school (meters) 428 583 438 172

(1039) (1241) (1028) (529)

Nearest school (share) 0.59 0.51 0.61 0.70

(0.49) (0.50) (0.49) (0.46)

Sibling enrolled (share) 0.42 0.40 0.45 0.43

(0.49) (0.49) (0.50) (0.50)

Nearest school or sibling enrolled (share) 0.74 0.68 0.76 0.81

(0.44) (0.47) (0.43) (0.39)

Outside own neighborhood (share) 0.04 0.06 0.04 0.01

(0.19) (0.24) (0.19) (0.09)

Voucher school (share) 0.08 0.17 0.03 0.00

(0.27) (0.37) (0.16) (0.04)

Observations 3822 1566 1260 996

Notes: This table presents the mean and standard deviation of each variable for the

sample of primary school starters in Botkyrka 2011-2014, in total and by neighborhood.

High-educated indicates the share with at least one parent with university level education.

Foreign background indicates the share born abroad or with both parents born abroad. Newly

arrived immigrant indicates the share with less than four years in Sweden. Male indicates

the share of males and older sibling enrolled indicates the share with an older sibling

enrolled in a primary school in Botkyrka. Distance is the distance to the top-choice school

in meters and additional distance from nearest school indicates how much further away

from their residency the top-choice school is located compared to the nearest school. Nearest

school, sibling enrolled and nearest school or sibling enrolled indicates the shares listing

the nearest school and/or a school where a sibling is enrolled as their top choice. Outside

own neighborhood indicates that the top-choice school is not located in the neighborhood of

residence and voucher school indicates the share listing a voucher school as their top choice.
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Table 3: School Assignments (Grade K), 2011-2014

All By neighborhood

North West East

Distance (meters) 1029 878 1362 805

(1330) (1203) (1647) (854)

Attend top choice (share) 0.92 0.88 0.94 0.94

(0.28) (0.32) (0.23) (0.24)

Attend second choice (share) 0.04 0.05 0.03 0.03

(0.19) (0.21) (0.17) (0.18)

Attend third choice (share) 0.01 0.02 0.01 0.01

(0.11) (0.13) (0.10) (0.09)

Rejected from all three choices (share) 0.02 0.03 0.01 0.00

(0.13) (0.17) (0.10) (0.05)

Attend school outside own neighborhood (share) 0.03 0.05 0.03 0.01

(0.17) (0.21) (0.17) (0.09)

Attend voucher school (share) 0.08 0.18 0.03 0.01

(0.27) (0.38) (0.16) (0.07)

Foreign background (share) 0.43 0.76 0.27 0.12

(0.31) (0.14) (0.16) (0.04)

High-educated (share) 0.49 0.34 0.51 0.69

(0.16) (0.08) (0.09) (0.08)

Average pass rate 0.42 0.30 0.43 0.61

(0.21) (0.16) (0.20) (0.15)

Observations 3822 1566 1260 996

Notes: This table presents the mean and standard deviation of each variable for the sample

of primary school starters in Botkyrka 2011-2014, in total and by neighborhood. All

variables refer to the school attended in grade K in October, the year the begin school.

Distance is the distance to school measured in meters. Attend top, second and third choice

indicates the share assigned their top, second and third choice respectively and rejected from

all three choices indicates the share not attending any of the schools on their application list.

Attend school outside own neighborhood indicates the share not attending a school in the

neighborhood of residence and attend voucher school indicates the share attending a voucher

school. Share foreign and share high-educated indicates the average share of students with

foreign background (born abroad or both parents born abroad) and high-educated parents (at

least one parent with university level education) at the school attended. Average pass rate

indicates the pass rate on the standardized tests in Swedish and mathematics taken in grade

three.
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Table 4: Variation in School Attributes by Distance from Home,
2011-2014

1km 2km 3km 5km 10km

Number of schools 2 5 7 12 22

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

Difference (max-min)

Foreign background (share) 0.13 0.28 0.33 0.68 0.85

(0.14) (0.16) (0.17) (0.16) (0.08)

High-educated (share) 0.10 0.22 0.26 0.44 0.53

(0.09) (0.08) (0.07) (0.11) (0.05)

Average test score 1.07 2.05 2.22 3.20 3.90

(1.05) (1.17) (1.18) (1.21) (1.07)

Observations 3822 3822 3822 3822 3822

Notes: This table displays the mean and standard deviation of each variable

for the sample of primary school starters in Botkyrka 2011-2014. Number

of schools indicates how many schools the average household has within x

kilometers of their home. The remaining variables are expressed in terms

of the difference between the maximum and minimum value of the variable

for schools within x kilometers of home. Foreign background indicates the

share born abroad or with both parents born abroad. High-educated indicates

the share with at least one parent with university level education. Average

test score is the school average score (max = 20) on the standardized tests in

Swedish and mathematics taken in grade three.
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Table 5: School Capacity and Enrollment of Municipal Schools, 2011-2014

All By neighborhood

North West East

2011

Number of schools 20 8 7 5

Number of seats available . . . .

Number of students enrolled 951 365 314 272

Overcapacity . . . .

Overcapacity (percent) . . . .

Number of oversubscribed schools . . . .

2012

Number of schools 20 8 7 5

Number of seats available 1220 534 392 294

Number of students enrolled 998 382 352 264

Overcapacity 222 152 40 30

Overcapacity (percent) 18 28 10 10

Number of oversubscribed schools 4 0 3 1

2013

Number of schools 19 8 6 5

Number of seats available 1050 401 387 262

Overcapacity 137 60 34 43

Number of students enrolled 913 341 353 219

Overcapacity (percent) 13 15 9 16

Number of oversubscribed schools 3 0 3 0

2014

Number of schools 19 8 6 5

Number of seats available 1105 447 395 263

Overcapacity 141 72 52 17

Number of students enrolled 964 375 343 246

Overcapacity (percent) 13 16 13 6

Number of oversubscribed schools 4 0 2 2

Notes: This table displays the number of schools, number of seats available in grade K, number of stu-

dents enrolled in grade K, the implied overcapacity in number of empty seats and in percentage terms

and the number of oversubscribed schools, in total and by neighborhood for the municipal schools each

year. Number of students enrolled includes all students enrolled during the autumn semester (not con-

ditional on participating in the school choice program). Information on school capacity is missing for

2011 and voucher schools are excluded from this table as we do not have information on their capacity.
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Figure 6: Share Applying to Voucher Schools, 2008-2014
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Notes: This figure displays the share of primary school starters in Botkyrka 2011 to 2014 listing a voucher school as their

top, second and third choice respectively.
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C Using Regularized Logistic Regression for Variable Selection

We observe many attributes of the schools in Botkyrka. Including all of them in the model may lead to over-

fitting, making the parameters less suitable for prediction. To avoid this, we use regularized logistic regression

(LASSO) as a data-driven approach for variable selection. Regularization implies that the optimization

problem is modified to include a penalty term which allows shrinkage of the estimated coefficients in order

to reduce the variance and thereby improve out-of-sample prediction. Lasso is suitable for variable selection

as it uses L1 penalty, implying that coefficients are allowed to shrink to zero (thus being excluded from the

model). Using lasso regularization on a logistic regression model means that the optimization problem is

modified. The penalized version of the log likelihood to be maximized is:

LL =

N∑
i=1

[
yixiβ − log(1 + exiβ)

]
− λ

p∑
j=1

|βj | (10)

λ is the shrinkage penalty and as λ increases the penalty becomes more prominent. We fit the entire lasso

regularization path for a logistic model of which school is top-ranked and second-ranked separately. We use

10-fold cross validation in order to find the optimal value of lambda for each model. The cross-validation

curves are displayed in Figure 7. Table 6 presents the variables included in the model, and indicates which

variables are active in at least one of the two models.45

Figure 7: Cross-Validation Curves for the LASSO-models
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Notes: This figure shows the cross-validation curve and upper and lower standard deviation curves for each value of the λ

sequence. The vertical lines show the value of λ that minimizes the MSE (λmin) and the value of λ within one standard

deviation of λmin that gives the most regularized model.

45The regularized logistic regression is implemented in R using the glmnet package.
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Table 6: Variable Selection Using LASSO

Variable Coefficient 6= 0

Neighborhood school YES

Sibling enrolled YES

Distance to school, log(m) YES

Distance to school (m) NO

Test scores, standardized tests NO

Pass rate, standardized tests NO

Student teach ratio NO

Average teacher experience YES

Share certified teachers NO

Share of students from households receiving allowances NO

Average socioeconomic status of students NO

Share with at least one high-educated parent YES

Average parental unemployment duration NO

Average parental income NO

Share of students with foreign background YES

Share of newly arrived immigrant-students YES

Share of male students NO

Offers all grades up to year 9 YES

Number of students enrolled (K-5) YES

Notes: The first columns list all variables included in regularized regression

models of the probability of a school being listed as a top choice or second

choice. The second column specifies whether the shrinkage induced by L1-

penalty resulted in the coefficient being set to zero or not. The model was

estimated on top and second choices separately. NO indicates that the variable

coefficient was shrunk to zero in both models and YES indicates that the

coefficient was not set to zero in at least one of the models.
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D Estimated Preference Parameters
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Table 7: Preference Parameters Estimated with a Rank Ordered Mixed Logit Model

All Native background Foreign background

High education Low education High education Low education

Mean SD Mean SD Mean SD Mean SD Mean SD

Distance -1.892∗∗∗ -2.282∗∗∗ -1.878∗∗∗ -1.662∗∗∗ -1.969∗∗∗

(0.0658) (0.124) (0.0839) (0.111) (0.0871)

Nbd school 2.360∗∗∗ 2.624∗∗∗ 2.302∗∗∗ 1.622∗∗∗ 1.634∗∗∗

(0.148) (0.290) (0.218) (0.251) (0.268)

Enrolled sibling 3.675∗∗∗ 4.506∗∗∗ 4.067∗∗∗ 3.565∗∗∗ 3.121∗∗∗

(0.124) (0.272) (0.271) (0.234) (0.187)

Offer 9th grade 0.264∗∗∗ 0.0223 0.204∗ 0.116 0.279∗∗ 0.613∗∗ 0.416∗∗∗ 0.367∗ 0.423∗∗∗ 0.00414

(0.0666) (0.208) (0.0898) (0.0874) (0.101) (0.218) (0.0991) (0.179) (0.118) (0.216)

Number of students enrolled (K-5) 0.00378∗∗∗ 0.0000870 0.00243∗∗∗ 0.00199 0.00307∗∗∗ -0.000162 0.00381∗∗∗ -0.00000897 0.00565∗∗∗ 0.000386

(0.000392) (0.000126) (0.000551) (0.00182) (0.000434) (0.000271) (0.000507) (0.000226) (0.000626) (0.000540)

Avg teacher experience (in years) 0.0289 0.225∗∗∗ 0.0615 0.292∗∗∗ 0.0374 0.202∗∗∗ 0.00889 0.211∗∗∗ 0.000854 0.164∗∗∗

(0.0187) (0.0172) (0.0352) (0.0274) (0.0223) (0.0349) (0.0271) (0.0373) (0.0264) (0.0296)

Foreign background -2.006∗∗∗ 2.911∗∗∗ -3.097∗∗∗ -3.362∗∗∗ -3.609∗∗∗ 3.035∗∗∗ -1.206∗ 2.606∗∗∗ -0.237 3.180∗∗∗

(0.351) (0.315) (0.549) (0.483) (0.446) (0.409) (0.572) (0.484) (0.651) (0.457)

Newly arrived immigrants 0.315 1.614 -4.277∗∗ 2.275 0.321 1.312 -0.468 2.266 1.604∗ -0.357

(0.542) (1.809) (1.442) (3.416) (1.085) (6.618) (0.709) (1.790) (0.710) (0.334)

High-educated parents 1.801∗∗∗ -2.865∗∗∗ 5.203∗∗∗ -4.049∗∗∗ 1.233∗ 1.624 -0.284 2.591∗ -1.011 3.684∗∗

(0.410) (0.609) (0.666) (0.792) (0.551) (2.396) (0.723) (1.053) (0.833) (1.269)

Observations 187953 62038 42979 35444 47492

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Notes: This table presents the estimated mean and standard deviation of the preference parameters. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Standard

errors in parentheses (clustered at the 250 times 250 meters level). The sample includes all primary school starters in Botkyrka 2011-2014 categorized

as (partially) truth-telling (see Section 4.3 for details on this categorization). Distance is the distance between the home and the school, measured in

log(meters). Nbd school is a dummy for the school being located in the neighborhood of residence. Enrolled sibling is a dummy for having a sibling already

enrolled in the school. Offer 9th grade is a dummy for K-9 schools. Number of students enrolled indicates how many students are enrolled in grade K-5.

Avg teacher experience is the average number of years in the occupation. Foreign background indicates the share born abroad or with both parents born

abroad. Newly arrived immigrant indicates the share with less than four years in Sweden. High-educated indicates the share with at least one parent with

university level education.
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Table 8: Preference Parameters Estimated with a Rank Ordered Mixed Logit
Model: Varying the Level of Clustering

250m grid 500 m grid 750 m grid

Mean SD Mean SD Mean SD

Distance -1.892∗∗∗ -1.892∗∗∗ -1.892∗∗∗

(0.0658) (0.0799) (0.0846)

Nbd school 2.360∗∗∗ 2.360∗∗∗ 2.360∗∗∗

(0.148) (0.148) (0.189)

Enrolled sibling 3.675∗∗∗ 3.675∗∗∗ 3.675∗∗∗

(0.124) (0.142) (0.183)

Offer 9th grade 0.264∗∗∗ 0.0223 0.264∗∗ 0.0223 0.264∗∗ 0.0223

(0.0666) (0.208) (0.0838) (0.211) (0.0966) (0.196)

Number of students enrolled (K-5) 0.00378∗∗∗ 0.0000870 0.00378∗∗∗ 0.0000870 0.00378∗∗∗ 0.0000870

(0.000392) (0.000126) (0.000539) (0.000128) (0.000607) (0.000133)

Avg teacher experience (in years) 0.0289 0.225∗∗∗ 0.0289 0.225∗∗∗ 0.0289 0.225∗∗∗

(0.0187) (0.0172) (0.0262) (0.0200) (0.0360) (0.0244)

Foreign background -2.006∗∗∗ 2.911∗∗∗ -2.006∗∗∗ 2.911∗∗∗ -2.006∗∗∗ 2.911∗∗∗

(0.351) (0.315) (0.461) (0.376) (0.487) (0.411)

Newly arrived immigrants 0.315 1.614 0.315 1.614 0.315 1.614

(0.542) (1.809) (0.621) (1.965) (0.817) (2.690)

High-educated parents 1.801∗∗∗ -2.865∗∗∗ 1.801∗∗ -2.865∗∗∗ 1.801∗ -2.865∗∗∗

(0.410) (0.609) (0.598) (0.700) (0.719) (0.804)

Observations 187953 187953 187953

Notes: This table presents the estimated mean and standard deviation of the preference parameters.
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Standard errors in parentheses, clustered at the 250 times

250, 500 times 500 and 750 times 750 meters respectively. The sample includes all primary school

starters in Botkyrka 2011-2014 categorized as (partially) truth-telling (see Section 4.3 for details on this

categorization). Distance is the distance between the home and the school, measured in log(meters).

Nbd school is a dummy for the school being located in the neighborhood of residence. Enrolled sibling

is a dummy for having a sibling already enrolled in the school. Offer 9th grade is a dummy for K-

9 schools. Number of students enrolled indicates how many students are enrolled in grade K-5. Avg

teacher experience is the average number of years in the occupation. Foreign background indicates the

share born abroad or with both parents born abroad. Newly arrived immigrant indicates the share with

less than 4 years in Sweden. High-educated indicates the share with at least one parent with university

level education.
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Figure 8: 10-Fold Cross Validation of Estimated Preference Parameters
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Notes: This figure displays histograms of the deviation of the predicted rank from the observed rank on the application lists
separately for the observed top, second and third choice. The predicted rank was created using a 10-fold cross validation
approach, estimating the rank ordered mixed logit model excluding one fold at the time and then using the estimated
parameters to predict the choices of the excluded fold. The deviation of the predicted rank is calculated by subtracting the
predicted rank from the rank observed on the application list and taking the absolute value.
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E Empirical Assessment of Truth-Telling

Table 9: Categorization of Truthful Choices,
2011-2014

Top choices Second choices

Safe schools 2752 299

Enrolled sibling 1397 31

Never oversubscribed 1237 256

Residential location 118 12

Non-safe schools 1070 771

Observations 3822 1070

Notes: This table presents our categorization of truth-

ful choices for the sample of primary school starters in

Botkyrka 2011-2014. The first column displays whether the

top choice is a safe school or not. The second column dis-

plays whether the second choice is a safe school or not, for

the sub-sample of households not listing a safe school as

their top choice. The Table also displays whether a choice

is categorized as a safe school because of an already enrolled

sibling in the school, because the school was never oversub-

scribed or because the residential location implies a relative

distance measure effectively guaranteeing admission.
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Table 10: Preference Parameters Estimated with a Rank Ordered Mixed Logit Model: Robustness
Tests

All Non-movers Movers Excl. top choices

Mean SD Mean SD Mean SD Mean SD

Distance -1.892∗∗∗ -1.936∗∗∗ -1.832∗∗∗ -1.712∗∗∗

(0.0658) (0.0788) (0.0775) (0.0763)

Nbd school 2.360∗∗∗ 2.350∗∗∗ 2.343∗∗∗ 2.472∗∗∗

(0.148) (0.204) (0.234) (0.145)

Enrolled sibling 3.675∗∗∗ 3.631∗∗∗ 3.758∗∗∗ 2.095∗∗∗

(0.124) (0.154) (0.222) (0.210)

Offer 9th grade 0.264∗∗∗ 0.0223 0.239∗∗ -0.0315 0.305∗∗∗ 0.219 0.319∗∗∗ -0.0188

(0.0666) (0.208) (0.0848) (0.0714) (0.0789) (1.120) (0.0916) (0.0669)

Number of students enrolled (K-5) 0.00378∗∗∗ 0.0000870 0.00395∗∗∗ 0.000181 0.00362∗∗∗ -0.000102 0.00346∗∗∗ -0.0000732

(0.000392) (0.000126) (0.000456) (0.000416) (0.000436) (0.000228) (0.000409) (0.0000682)

Avg teacher experience (in years) 0.0289 0.225∗∗∗ 0.0536∗∗ 0.205∗∗∗ -0.00370 -0.243∗∗∗ 0.0648∗∗∗ 0.221∗∗∗

(0.0187) (0.0172) (0.0203) (0.0184) (0.0216) (0.0221) (0.0187) (0.0178)

Foreign background -2.006∗∗∗ 2.911∗∗∗ -2.028∗∗∗ 2.936∗∗∗ -1.924∗∗∗ 2.834∗∗∗ -2.184∗∗∗ -2.174∗∗∗

(0.351) (0.315) (0.481) (0.409) (0.396) (0.625) (0.355) (0.356)

Newly arrived immigrants 0.315 1.614 -0.0940 -1.743 0.774 1.309 1.042 -1.951

(0.542) (1.809) (0.631) (1.901) (1.062) (12.99) (0.810) (1.864)

High-educated parents 1.801∗∗∗ -2.865∗∗∗ 1.820∗∗∗ -3.063∗∗∗ 1.765∗∗∗ 0.992 2.045∗∗∗ -1.579

(0.410) (0.609) (0.506) (0.777) (0.491) (3.504) (0.442) (0.912)

Observations 187953 108091 79862 119350

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Notes: This table presents the estimated mean and standard deviation of the preference parameters. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗

p < 0.001. Standard errors in parentheses (clustered at the 250 times 250 meters level). The full sample includes all primary

school starters in Botkyrka 2011-2014 categorized as (partially) truth-telling (see Section 4.3 for details on this categorization).

Non-movers is the subset of households which did not change their residential location for the last years, Movers is the subset of

households that did move during this period and Excl. top choices estimates the model on second and third choices only. Distance

is the distance between the home and the school, measured in log(meters). Nbd school is a dummy for the school being located in

the neighborhood of residence. Enrolled sibling is a dummy for having a sibling already enrolled in the school. Offer 9th grade

is a dummy for K-9 schools. Number of students enrolled indicates how many students are enrolled in grade K-5. Avg teacher

experience is the average number of years in the occupation. Foreign background indicates the share born abroad or with both

parents born abroad. Newly arrived immigrant indicates the share with less than four years in Sweden. High-educated indicates

the share with at least one parent with university level education.
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Table 11: Summary Statistics for the Primary
School Starters by Rank of Voucher School, 2011-
2014

Voucher school rank

Top Second

Demographics

High-educated (share) 0.47 0.49

(0.50) (0.50)

Foreign background (share) 0.53 0.56

(0.50) (0.50)

Newly arrived immigrants (share) 0.03 0.03

(0.18) (0.16)

Neighborhood of residence

North (share) 0.88 0.92

(0.33) (0.28)

West (share) 0.11 0.07

(0.32) (0.26)

East (share) 0.01 0.01

(0.08) (0.10)

Observations 297 272

Notes: This table presents the mean and standard deviation

of each variable for the sample of primary school starters in

Botkyrka 2011-2014 listing a voucher school as their top (first

column) or second (second column) choice. High-educated

indicates the share with at least one parent with university

level education. Foreign background indicates the share born

abroad or with both parents born abroad. Newly arrived

immigrant indicates the share with less than four years in

Sweden. North, west and east indicates the share living in

each of these neighborhoods.
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F The Experiment: Descriptive Tables and Estimated Effects

Table 12: Summary Statistics for the Primary School Starters, 2016

Control group Treatment group

At least one parent with high education 0.54 0.56

(0.50) (0.50)

Foreign (percent) 0.43 0.46

(0.50) (0.50)

Observations 568 580

Notes: This table presents the mean and standard deviation of each variable for the sample of primary

school starters participating in the school choice program in 2016, separately for those assigned to the

control group and the treatment group. High-educated indicates the share with at least one parent with

university level education. Foreign background indicates the share born abroad or with both parents

born abroad.

Table 13: Performance Measures for Grade K Schools, 2016

Mean SD Min Max

Pass rate 83.22917 9.627835 62.5 96.5

Relative pass rate -2.020833 4.730749 -15 6.5

Observations 24

Notes: This table presents the mean, standard deviation, minimum and maximum for the sample of

primary schools with grade K in Botkyrka in 2016, excluding one confessional school for which school

performance data is not available. Pass rate is the share of students passing all standardized tests in

Swedish and mathematics taken in grade three. The relative pass rate is the difference between the

pass rate and the expected pass rate given the composition of students at the school (for details on

how the relative pass rate is calculated, see Section 5).
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Table 14: Balance

Treated

Foreign (share) 0.0372

(0.0277)

Highly educated (share) 0.0347

(0.0278)

Constant 0.478∗∗∗

(0.0250)

Observations 1306

Notes: This table presents the results

from an OLS regression of our treat-

ment indicator on foreign background

(born abroad or having both parents

born abroad) and high-educated (at

least one parent with university level

education) of our sample of primary

school starters in 2016. Standard

errors are presented in parentheses.

Significance levels are indicated by *

p<0.1, ** p>0.05, *** p<0.01.

Table 15: Estimated Treatment Effects of The Information Inter-
vention

Top choice Average of top three choices

Pass rate Relative pass rate Pass rate Relative pass rate

Treated -0.616 -0.164 -0.527 -0.0612

(0.514) (0.238) (0.443) (0.150)

Constant 85.47∗∗∗ -1.161∗∗∗ 85.69∗∗∗ -1.148∗∗∗

(0.354) (0.162) (0.308) (0.105)

Observations 1118 1118 1148 1148

Notes: This table presents the estimated effects of the information intervention

on the performance of the school(s) applied to. Effects are estimated using OLS

regression. Standard errors are presented in parentheses. Significance levels are

indicated by * p<0.1, ** p>0.05, *** p<0.01. The dependent variable is the pass

rate or relative pass rate of the top choice (the two leftwards columns) or averaged

over the top three choices (the two rightwards columns).
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Table 16: Estimated Treatment Effects of The Information
Intervention: Heterogeneous Effects

High educated Low educated Foreigen Native

Treated -0.369 -1.033 -0.489 -0.357

(0.557) (0.659) (0.639) (0.429)

Constant 87.59∗∗∗ 84.25∗∗∗ 81.55∗∗∗ 89.54∗∗∗

(0.389) (0.452) (0.456) (0.280)

Observations 632 516 513 635

Notes: This table presents the estimated effects of the information

intervention on the performance of the school(s) applied to. Effects

are estimated using OLS regression. Standard errors are presented in

parentheses. Significance levels are indicated by * p<0.1, ** p>0.05, ***

p<0.01. The dependent variable is the pass rate or relative pass rate of

the top choice (the two leftwards columns) or averaged over the top three

choices (the two rightwards columns).
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G Implementation of Deferred Acceptance with Reserved Seats

When simulating student allocation under proximity-based priorities with reserved seats, we use stratified

assignment with proximity as a tie-breaker within and across student types. At each school, st seats are

reserved for students of type t. We modify the DA algorithm to incorporate this as follows:

Step 1 a) Each student applies to his/her top choice. Each school considers applicants of each type sep-

arately. Students of type t are tentatively accepted one at a time according to their priority ordering until

there are no applicants left or the school runs out of reserved seats for type t, in which case all remaining

applicants of type t are rejected.

b) If there is capacity left at the school (which happens when there are less applicants than reserved seats

for at least one student type t), all students rejected in this round are considered together and the school

tentatively accepts one student at a time according to their priority.

Step k a) Each student rejected in the previous round applies to his/her next preferred school. Each

school considers all tentatively accepted and new applicants together for each type separately and accepts

one student at a time according to their priority ordering until there are no applicants left or the school runs

out of reserved seats for type t, in which case all remaining applications of type t are rejected.

b) If there is capacity left at the school (which happens when there are less applicants than reserved seats

for at least one student type t), all students rejected in this round are considered together and the school

tentatively accepts one student at a time according to their priority.

The algorithm terminates when no student is rejected, at which point all students are placed at their

final tentative assignment.
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H Measures of School Segregation

In this Appendix, we describe the different measures of school segregation used in this paper.

H.1 Share of Variance in Student SES Explained by Schools

Our preferred measure of school segregation is the ratio of the between-school and the total variance in

student SES. We start by constructing a socioeconomic index by estimating the relationship between GPA

and an ethnic/socioeconomic background using data on all ninth-graders in Sweden during 2011 to 2014

according to the following specification:

GPAit = α+ βXit + εit, (11)

where X is a vector consisting of the student’s gender, the logarithm of the father’s and mother’s income

level, dummies for the mother’s and father’s educational level (7 levels), dummies for the region of birth of

the student, the father and the mother (6 regions) and school fixed effects.46 The coefficients in the vector

β describes the relationship between the variables in X and grade nine GPA and are then used to create

predicted GPA for our sample of primary school starters:

ˆGPAit = α̂+ β̂Xit. (12)

The predicted GPA can be interpreted as a measure of a student’s socioeconomic background, where

predetermined characteristics that are important for the student’s expected performance in school are given

more weight than other factors. A student who is predicted a high GPA-score has a strong background in

the sense that he/she comes from an advantaged household and the opposite is true for a who is predicted

a low GPA-score.

One way to measure school segregation is to assess the level of sorting across schools by predicted GPA.

To capture this, we look at the ratio of the between-school variance and the total variance in predicted GPA.

Intuitively, this tells us how much of the variance in predicted GPA that can be explained by which schools

the students attend. To get at this, we estimate the following regression:

ˆGPAit = γ + Zit + εit, (13)

where Z is a set of dummies (one for each school) and record the R2. To see that the R2 from this

regression gives us the ratio of the between-school variance and total variance in predicted GPA, we can

rewrite the R2 as:

46Estimating the same regression excluding school-fixed effects gives very similar results, but we prefer to use coefficients
from the regression including school-fixed effects in the following steps.
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i(yi − ȳ)2
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H.2 Duncan Dissimilarity Index

To complement the analysis, we also study the sorting across schools in terms of foreign background and

parental education. One way to show this would be to compare the share of students with e.g. foreign

background across schools. This is intuitive, but has the drawback of being hard to compare to other settings.

To use a segregation index is therefore preferable. Segregation indexes can be divided into measures of

evenness or exposure.47 Exposure measures are sensitive to the share of minority students in the population,

which evenness measures are generally not. As pointed out by Allen & Vignoles (2007), educational policy

cannot affect the share of minority students making measures of evenness more relevant in the context

of evaluating the design of a school choice program. We use the Duncan Dissimilarity Index (DDI), a

commonly used evenness measure that ranges from zero (no segregation) to one (perfect segregation).48 It

offers a straightforward interpretation as the share of one group that would have to switch to another school

in order to produce a distribution in each school that matches the distribution of the entire population. It

is defined as:

DDI =
1

2

n∑
i=1

|ai
A
− bi
B
|, (15)

where ai is the number of individuals in group A in school i and bi is the number of individuals in group

B in school i, and A and B measure the total number of individuals in these two groups.

47Massey & Denton (1988) provide a discussion about different segregation indexes and their properties.
48This measure was introduced by Duncan & Duncan (1955).

53



I Counterfactual Student Allocation

Figure 9: Distribution of School Segregation by SES in the Short Run Under Alternative
Priority Structures
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Notes: This figure displays the distribution of the share of the variance in student SES that is explained by the assigned

school (see Appendix H.1 for details about how this segregation measure is defined) under each alternative priority structure

and assignment using catchment zones. Details on the different priority structures can be found in Section 6.2. The

distribution is computed using 250 simulations of independently drawn samples. The lines are fitted using Stata’s kdensity

command, using the Epanechnikov kernel and optimal bandwidth selection.

54



Figure 10: Distribution of School Segregation by Parental Education and Foreign Back-
ground in the Short Run under Alternative Priority Structures
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Notes: This figure displays the distribution of the Duncan Dissimilarity Index for parental education (left panel) and foreign
background (right panel) under each alternative priority structure and assignment using catchment zones. See Appendix H.2
for details about how this segregation measure is defined. Details on the different priority structures can be found in Section
6.2. The distribution is computed using 250 simulations of independently drawn samples. The lines are fitted using Stata’s
kdensity command, using the Epanechnikov kernel and optimal bandwidth selection.

Figure 11: Average Change in Peer Composition in the Short Run by School under Alter-
native Priority Structures
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Notes: This figure displays the change in the peer composition by school when reserving seats and using lottery-based
priorities relative to the baseline of using proximity-based priorities. Details on the different priority structures can be found
in Section 6.2. The change is calculated by taking the average change of 250 simulations of independently drawn samples.
High-educated is defined as having at least one parent with university level education and foreign background is defined as
being born abroad or having two parents born abroad.
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Figure 12: Distribution of the Share Assigned Top and Top-Three Choices in the Short Run
under Alternative Priority Structures
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Notes: This figure displays the distribution of the share assigned to a top (left panel) and a top-three (right panel) choice
under each alternative priority structure. Details on the different priority structures can be found in Section 6.2. The
distribution is computed using 250 simulations of independently drawn samples. The lines are fitted using Stata’s kdensity

command, using the Epanechnikov kernel and optimal bandwidth selection.

Figure 13: Distribution of Utility of Assigned School in the Short Run under Alternative
Priority Structures
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Notes: This figure displays the distribution of utility of the assigned school under each alternative priority structure and
assignment using catchment zones. Utility is calculated according to Equation (1). Details on the different priority structures
can be found in Section 6.2. The distribution is computed using 250 simulations of independently drawn samples. The lines
are fitted using Stata’s kdensity command, using the Epanechnikov kernel and optimal bandwidth selection.
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Figure 14: Distribution of Distance to Assigned School in the Short Run under Alternative
Priority Structures
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Notes: This figure displays the distribution of distance (in meters) to assigned school under each alternative priority
structure. Details on the different priority structures can be found in Section 6.2. The distribution is computed using 250
simulations of independently drawn samples. The lines are fitted using Stata’s kdensity command, using the Epanechnikov
kernel and optimal bandwidth selection.

Figure 15: Distribution of Distance to Assigned School in the Short Run by Assignment to
Top Choice
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Notes: This figure displays the distribution of distance (in meters) to assigned school for those assigned to their top choice
(left panel) and those not assigned to their top choice (right panel) under each alternative priority structure. Details on the
different priority structures can be found in Section 6.2. The distribution is computed using 250 simulations of independently
drawn samples. The lines are fitted using Stata’s kdensity command, using the Epanechnikov kernel and optimal bandwidth
selection.

57



Figure 16: Distribution of Segregation by SES in the Short Run under Alternative Priority
Structures, by Neighborhood
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Notes: This figure displays the distribution of the share of the variance in student SES that is explained by the assigned
school (see Appendix H.1 for details about how this segregation measure is defined) under each alternative priority structure
and assignment using catchment zones. Details on the different priority structures can be found in Section 6.2. The left
panel displays the segregation among schools located in the north, the middle panel for schools in the east and the right panel
for schools in the west. The distribution is computed using 250 simulations of independently drawn samples. The lines are
fitted using Stata’s kdensity command, using the Epanechnikov kernel and optimal bandwidth selection.
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Table 17: Residential Location of Students, by
School Neighborhood and Priority Structure

Proximity Lottery Reserved seats

Eastern schools

East 1.00 0.96 0.96

(0.00) (0.01) (0.02)

North 0.00 0.04 0.04

(0.00) (0.01) (0.01)

West 0.00 0.00 0.00

(0.00) (0.00) (0.00)

Western schools

East 0.08 0.08 0.08

(0.03) (0.03) (0.03)

North 0.00 0.00 0.00

(0.01) (0.01) (0.01)

West 0.92 0.91 0.92

(0.03) (0.03) (0.03)

Northern schools

East 0.03 0.04 0.05

(0.02) (0.02) (0.02)

North 0.95 0.93 0.93

(0.03) (0.03) (0.03)

West 0.02 0.03 0.02

(0.01) (0.02) (0.01)

Observations 250 250 250

Notes: This table presents the share of students in the

simulation sample from each neighborhood, by school neigh-

borhood and priority structure. The shares are calculated as

the average using 250 simulations of independently drawn

samples.
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Figure 17: Average School Segregation by SES in the Long Run Under Alternative Priority
Structures

0

.05

.1

.15

.2

.25

.3

.35

Av
er

ag
e

0 5 10 15 20
Year

Proximity
Lottery
Res. seats

Notes: This figure displays the average share of the variance in student SES that is explained by the assigned school (see
Appendix H.1 for details about how this segregation measure is defined) under each alternative priority structure. Details on
the different priority structures can be found in Section 6.2. The value is computed as the average of 250 simulations of
independently drawn samples.

Figure 18: Distribution of School Segregation by Parental Education and Foreign Back-
ground in the Long Run under Alternative Priority Structures.
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Notes: This figure displays the average of the Duncan Dissimilarity Index for parental education (left panel) and foreign
background (right panel) under each alternative priority structure. See Appendix H.2 for details about how this segregation
measure is defined. Details on the different priority structures can be found in Section 6.2. The value is computed as the
average of 250 simulations of independently drawn samples.
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Figure 19: Distribution of Utility of Assigned School in the Short Run under Alternative
Priority Structures, by Household Type
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Notes: This figure displays the distribution of utility of the assigned school under each alternative priority structure and
assignment using catchment zones, by household type. Utility is calculated according to Equation (1). Details on the different
priority structures can be found in Section 6.2. High-educated is defined as having at least one parent with university level
education and foreign background is defined as being born abroad or having both parents born abroad. The distribution is
computed using 250 simulations of independently drawn samples. The lines are fitted using Stata’s kdensity command, using
the Epanechnikov kernel and optimal bandwidth selection.
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Figure 20: Distribution of School Segregation by SES in the Short Run under Alternative
Priority Structures, Assuming Random Residential Location
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Notes: This figure displays the distribution of the share of the variance in student SES that is explained by the assigned
school (see Appendix H.1 for details about how this segregation measure is defined) under each alternative priority structure.
Details on the different priority structures can be found in Section 6.2. The distribution is computed using 250 simulations of
independently drawn samples, where the residential location of each sampled household was replaced by a randomly drawn
location in the municipality (using weights based on the observed location in order to replicate the observed density of the
population). The lines are fitted using Stata’s kdensity command, using the Epanechnikov kernel and optimal bandwidth
selection.
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Figure 21: Distribution of School Segregation by Parental Education and Foreign Back-
ground in the Short Run under Alternative Priority Structures, Assuming Random Resi-
dential Location
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Notes: This figure displays the distribution of the Duncan Dissimilarity Index for parental education (left panel) and foreign
background (right panel) under each alternative priority structure. See Appendix H.2 for details about how this segregation
measure is defined. Details on the different priority structures can be found in Section 6.2. The distribution is computed
using 250 simulations of independently drawn samples, where the residential location of each sampled household was replaced
by a randomly drawn location in the municipality (using weights based on the observed location in order to replicate the
observed density of the population). The lines are fitted using Stata’s kdensity command, using the Epanechnikov kernel and
optimal bandwidth selection.

Figure 22: Distribution of School Segregation by SES in the Short Run under Alternative
Priority Structures, Assuming Homogeneous Preferences

0

5

10

15

20

25

D
en

si
ty

.1 .15 .2 .25
SES segregation

Proximity
Lottery
Res. seats

Notes: This figure displays the distribution of the share of the variance in student SES that is explained by the assigned
school (see Appendix H.1 for details about how this segregation measure is defined) under each alternative priority structure.
Details on the different priority structures can be found in Section 6.2. The distribution is computed using 250 simulations of
independently drawn samples, where the same preference parameters are used to construct the application lists for all sampled
households. The lines are fitted using Stata’s kdensity command, using the Epanechnikov kernel and optimal bandwidth
selection.
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Figure 23: Distribution of School Segregation by Parental Education and Foreign Back-
ground in the Short Run under Alternative Priority Structures, Assuming Homogeneous
Preferences
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Notes: This figure displays the distribution of the Duncan Dissimilarity Index for parental education (left panel) and foreign
background (right panel) under each alternative priority structure. See Appendix H.2 for details about how this segregation
measure is defined. Details on the different priority structures can be found in Section 6.2. The distribution is computed
using 250 simulations of independently drawn samples, where the same preference parameters are used to construct the
application lists for all sampled households. The lines are fitted using Stata’s kdensity command, using the Epanechnikov
kernel and optimal bandwidth selection.
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Further Information Regarding the School Choice 

You have recently, or will soon, receive a letter from Botkyrka municipality informing 
you that it is time to choose a school for your child. As we are studying school choice, 
we would like to give you some additional information that we hope can be of use.  
 
In the attached table you can see how the schools in Botkyrka municipality have 
performed on the standardised tests in grade three in recent years. The first column 
shows the share of the school’s students that passed the tests. In the second column we 
have calculated how the students of the school have performed on the standardised 
tests compared to schools that are similar in terms of the students' educational and 
immigrant background. 
 
If you have any questions feel free to contact us.  
 

 

 

 

Dany Kessel     Elisabet Olme 

dany.kessel@ne.su.se   elisabet.olme@ne.su.se 

0707173803    0735442220 
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Skola 
School 

Andel godkända (%) 
Pass rate (%) 

Över/underprestation 
Over/underperformance 

Banslättsskolan   96,5  +3,5 
Björkhaga skola 88  -0,5 
Borgskolan   73,5  -0,5 
Botkyrka Friskola   85,5  +0,5 
Broängsskolan   89,5  -2,5 
Brunnaskolan 79  -5,5 
Edessaskolan   80,5  -3,5 
Eklidsskolan   96,5  +3,5 
Fittjaskolan Botkyrka Norra 67  -6,5 
Freinetskolan Kastanjen 80  -6,5 
Grindtorpsskolan   64,5  -10 
Gryningeskolan - - 
Hammerstaskolan   78,5  -5,5 
Karsby International School   72,5  -5,5 
Kassmyraskolan 93  +3,5 
Kvarnhagsskolan   81,5  -0,5 
Malmsjö skola   91,5  +1 
Parkhemsskolan 92  -0,5 
Rikstens skola   91,5  +0,5 
Skogsbacksskolan  
(f.d. Storvretskolan) 

  62,5  -15 

Sverigefinska skolan, Botkyrka 85  0 
Tallidsskolan 85  +6,5 
Trädgårdsstadsskolan 90  -2,5 
Tullingebergsskolan 89  0 
Tunaskolan 85  -2,5 
Såhär läser du tabellen: Om det står 80 i kolumnen ”Andel godkända” och +2 i kolumnen 
”Över/underprestation” betyder det att 80 procent av skolans elever klarade de nationella 
proven och att det var 2 procentenheter mer än på skolor med liknande elever.  
 
How to read the table: If it says 80 in the column “Pass rate” and +2 in the column 
“Over/underperformance”, it means that 80 percent of the students at that school passed the 
standardized tests and that this pass rate is 2 percentage points higher compared to schools 
with similar students. 
 
Källa/Source: Statistiska Centralbyrån (SCB)/Statistics Sweden. 
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